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Abstract 
Ergonomics can have a vast impact on the specification, usefulness and usability of designed 
artefacts. It can be used to inform all stages of the design process, but has shown to be most 
effective when employed during concept design, where it can have a proactive role in shaping 
design decisions. Despite evidence to support these benefits, the uptake of ergonomics by 
designers and engineers working in these early design stages has not been as widespread or 
comprehensive as one would have expected. 
In this thesis two ways of promoting the use of ergonomics in concept design are explored: 
namely understanding the mechanisms by which ergonomics information can be delivered to 
designers, and the application of decision support systems to systematically integrate user 
issues in the product design specification process. 
The thesis commences with a review of the case for the inclusion of ergonomics in design and 
engineering and considers methods which have been developed to increase its usage. A 
contemporary view of the use of ergonomics in the early stages of design is provided by a 
case study on automotive engineering design. The results of the literature review and case 
study highlight that even after thirty years of stressing the importance of ergonomics, it is still 
not employed to optimum effect. This is in spite of the development of new tools and 
techniques which could gainfully be added to the user requirements capture armoury. These 
studies confirm that many factors anspire prevent the adoption of a more user centred 
approach during concept design. These include, but are not limited to - time pressure, 
education, corporate structure, lack of available timely and appropriate user information, the 
manner in which information is provided to designers and the way in which it can be 
integrated into the design process. 
The remainder of the thesis concentrates on just two of these issues - the presentation of 
ergonomics information and the integration of user information in the concept design process. 
As the research reported spans six years, that relating to the presentation of ergonomics 
information in the form of guidelines on the Internet should be regarded in its appropriate 
historical context. 
The decision support system, developed to support the constructive, systematic consideration 
of user requirements was developed from ideas initially proposed by the HUFIT team in the 
1980s. The principal idea behind the software is that a knowledge of user requirements 
should guide the development and design of product requirements and functionality, and that 
designers should be aware of these issues at the start of the design process. The ergonomics 
decision support system developed for this research was conceived as an easy to use, generic 
design aid to facilitate the identification of user issues critical to the definition of product 
requirements. 
Iterative development led to the creation of two versions of the ergonomics decision support 
system. ADECT (Automotive Designers Ergonomics Clarification Toolset) was originally 
developed to assist automotive design. It was believed that the key user concepts remain 
constant across products, so the system can, potentially, be generic in nature. This was tested 
by the evolution of the system into DETECT to support general product design within a large 
company. 
The support system was tested on two groups of participants - firstly within the context of a 
student project on the design of a driver information system, where ADECT was used by 
pairs/trios of ergonomics students in conjunction with Internet resources; and secondly, after 
iterative development with a client company, DETECT was used by product design and 
ergonomics students working on the design of oral hygiene products. 
The thesis documents the overall design of the system, the results of the first trial (autumn 
1997), the manner in which the system was tailored to meet client and user requirements, and 
the result of the second user trial (summer 1999). Although it is difficult to make direct 
comparisons between these, all participants found value in using the system and considered it 
easy to use. The later system (DETECT) was considered more usable than its predecessor, 
ADECT. 
After having discussed the results of the trials in terms of system usability, and the manner in 
which ergonomics is used in a design context, the thesis then explores software development 
as a research vehicle. The system development was not an end in itself, but a means to 
investigating in greater detail the relationship between ergonomics and design and 
discovering ways in which this relationship could be further enhanced. The software 
development progressed from two assumptions: 
Firstly, that design could be represented as a goal oriented exercise which could be broken 
down into a series of discrete problem oriented sub-tasks. It was believed that ergonomics, for 
reasons previously mentioned, had been factored out of the design process, and that by 
11 
making it more explicit, it could be factored back in. This assumption drove software 
development by requiring the explicit representation of all user issues and their links to 
product requirements. 
Secondly, that if user centred design does not drive the design process, or is not embedded 
sufficiently within it, it may be seen at best as either cosmetic, or at worst as unwanted 
interference. 
The analysis of system usage demonstrated that there was value in the separate consideration 
of ergonomics issues and that these may drive decisions about product requirements. To that 
extent the system was successful. However, the extent to which ergonomics was truly 
integrated into the process remained in doubt, and proposals for a continuation of the work 
highlight ways in which this may be rectified. 
In conclusion, this work has firstly reconfirmed the multifaceted relationship between 
ergonomics and design/engineering. Secondly, the results from the case studies have shown 
that designers are aware that they do not use ergonomics effectively, and would welcome an 
opportunity to improve their usage of it in design practice. Thirdly, two methods were 
identified as potentially offering solutions to designers wishing to increase the consideration 
they give to user issues during concept and pre-concept stages of design. Fourthly, prototype 
versions were developed to support both content delivery (via the Internet) and process (the 
ergonomics decision support system). 
With regard to the use of the Internet the work has been overtaken by events. The Internet is 
now seen as the single most useful source of information. However, the evaluations 
highlighted difficulties with system compatibility and illustrated the problematic nature of 
information searching and management especially for novice searchers and information users. 
In terms of the ergonomics decision support system, the software representation enabled user 
issues to be made more explicit and linked to product requirements aiding systematic, focused 
discussion of user issues which was valued by the system users. The software development 
process itself, as manifest in the functionality of the final system, revealed the complexity of 
user centred design, the difficulty of mapping user issues on to multiple product features, and 
showing these in a concise, coherent format as an ergonomics specification. 
The research has shown it is possible to use computers to support ergonomics in concept 
design. The Internet will be a prime mechanism in delivery of information to desktops, but 
Ii' 
greater consideration needs to be given to how users navigate through the systems, and how 
they identify and use information in specific tasks. The computer based ergonomics decision 
support system, consisting of a general set of user issues, can be used successfully by 
individual designers and small design teams in the early consideration of user issues, and be 
tailored by them to meet the characteristics of their target population. The recommendations 
for moving the work forward indicate that further integration of ergonomics into individual 
practice may require consideration of visual representations for the communication of 
ergonomics requirements between stakeholders in the design process. 
In terms of the wider context of the research, it is likely that the introduction of such tools 
may only make a small contribution to increasing the use of ergonomics in design, but may 
support organisational and educational changes which are needed in design practice. Both the 
ergonomics decision support system and use of the Internet based resources form part of a 
growing body of work concerned with using computers to enhance design practice, and with 
the need to build and document expertise at a project level which can be reused by future 
design teams. 
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1 Introduction 
1.1 Chapter Outline 
This introductory chapter presents an overview of the problem to be addressed, namely the 
lack of integration of ergonomics in concept design and outlines the benefits of having design 
informed from its inception by ergonomics. The aims and objectives of the research are 
elucidated and the manner in which these are to be met by the present research explained. 
This is then set in the wider context of design research, in which this research is seen as 
contributing to a wider understanding of the design process. The chapter concludes by 
outlining the structure of the thesis. 
1.2 Introduction 
The research commenced from the initial observation that although there was an enormous 
amount of ergonomics information available, designed artefacts still suffered from usability 
problems. Whilst not original, this idea was generated from my own experiences as a new 
mother using unfamiliar products (e. g. push chairs, car seats and papooses), in an urban 
environment designed for unencumbered young bipeds. Typical problems involved limited 
access to shops and transport, pushchairs which required two or more hands to customise, 
double buggies which were too heavy to push up hills, or too wide to allow entry into houses. 
The subsequent research proceeded from the need to understand why information which I 
knew to be available (for example in the form of anthropometric databases) did not appear to 
have been used to inform design. For example, a knowledge of basic female anthropometry 
and biomechanics could have been employed to develop alternative design solutions for the 
papoose to remove the fiddly locking mechanism in the middle of the back; a knowledge of 
the environment in which the final product was used should have prevented the design of 
double buggies which were too wide for most doorways and all passageways (the end user 
solution was to remove the back gate and part of a wall! ). Therefore the overall objective was 
to improve the way in which ergonomics is used in the design process. 
1.3 Preliminary Definitions 
In this thesis ergonomics is defined as those factors, which affect the way in which humans 
interact with their environment, and the artefacts which are present in that environment. This 
definition is not limited to the work environment, and no particular emphasis is given to one 
particular set of factors over another (e. g. psychological, cognitive, biomechanics). In the end 
it is the interaction of these factors with elements of our environment which may or may not 
cause stress or usability problems. User centred design becomes a vehicle for identifying and 
considering which human factors might contribute to the relationship between the human and 
product/system, especially during concept design. 
1.4 Ergonomics and Design' 
Ergonomics refers to "designing for human use" (Sanders and McCormick, 1992). It focuses 
on human beings and their interaction with products, equipment, facilities, procedures and 
environments used in work and everyday living. The emphasis is on human beings and how 
the design of artefacts and environments might affect them. It seeks to change the objects 
people use and the environments in which they are used to better match people's capabilities, 
limitations, and needs. This is in contrast to engineering, where the emphasis is on more 
technical considerations. 
In terms of design, information about human capabilities, characteristics, behaviour and 
motivation should be applied systematically to the development of products, systems and 
procedures people use and the environments in which they use them. This information may 
be used in design recommendations, to predict the effects of different design options, and to 
set criteria for use in product evaluation. 
Ergonomics can contribute by creating a better product in terms of improved product 
usability, user performance and comfort, enhanced user satisfaction, improved safety and the 
accommodation of different user populations hence broadening the market/customer base. A 
well-designed product must be safe, efficient, comfortable and convenient to use, durable, 
realistically priced, have a pleasing appearance and be pleasurable to use. The application of 
ergonomics can also prevent losses in terms of litigation, poor product reviews, product 
recalls, number of service calls, and help to satisfy industry and regulatory standards 
(Cushman and Rosenberg, 1991). 
Incorporating ergonomics early into the product design life cycle has proven benefits in 
reducing problems with usage, increasing the acceptance and functionality of the finished 
product (e. g. Lim, Long and Silcock, 1992). This is especially true in organisations, such as 
the automotive industry, characterised by heavy investment during design and development. 
Increasing the use of ergonomics during the design phase is "the most efficient and effective method 
of ensuring that the occupant-vehicle interface is satisfying the needs of the customers" (Thompson, 1995). 
When changes to the design are made late in the development cycle, four things happen: 
" The changes are reactive and preventative (Simpson and Mason, 1983) rather than 
proactive (i. e. they are attempts to correct inadequate and inappropriate features); 
9 The changes are more likely to be superficial; 
0 As interdependencies increase, such as retooling, changes become more costly (Grudin, 
Erhlich and Shriner, 1987); 
9 Those calling for the changes are faced with hostility and the need to justify changes 
No amount of manufacturing excellence can compensate for poor design, and a crucial factor 
in design is ergonomics. If the design fails to fully meet user requirements it will fail to 
realise its full market potential, for example the Sinclair C5 (Pugh, 1990). Automotive and 
automotive product design are not exceptions to this, but examples where the cost of getting it 
wrong is very high. To be most effective there needs to be a climate throughout the company 
in which user issues can be freely discussed and appreciated by all members of the design 
team. 
Different approaches have been adopted to increasing the use of ergonomics in design. These 
include methods for eliciting more information about user requirements, e. g. through 
longitudinal analysis (Deag, 1988), video ethnography (Brun - Cotton and Wall, 1995), direct 
observation (Stanton and Young, 1998); tools which make the requirements `real' for the 
designers, such as the use of participatory design (e. g., Demirbilek and Demirkan, 2000), 
scenarios (e. g. Erickson (1995) and Moggeridge (1993) and storyboards (Zaff et al, 1993); 
tools for ensuring that ergonomics knowledge and information is integrated into the design 
process (e. g. Eost, 1999). 
Such tools and methods should ensure that user issues are regarded at each stage of the design 
process. However, design is rarely undertaken by one person, it is a team process, the 
composition of which varies with design stage, experience and interests. If the overall project 
manager is not ergonomics aware, then the issues which shape the design process may 
become lost as the design progresses from one stage to the next. Likewise, the potential 
impact ergonomics can have on the design process reduces the further along the design cycle 
it is practiced. 
A more holistic approach is required which makes explicit the issues, decisions and rationale 
which were employed to guide design and link these to particular product requirements. The 
documentation of this would reduce design drift and focus designers attention firmly on user 
requirements. 
1.5 Aims of the Research 
Therefore the aims of the research were: 
1. to understand the use of ergonomics in the design process; 
2. to consider factors which might effect the use of ergonomics information by designers; 
3. to develop a means of supporting the use of ergonomics in the design process. 
1.6 Objectives 
The aims were met via the following three objectives: 
1. to understand why ergonomics was not employed as effectively as it might during the 
design process; 
2. from this understanding develop methods which could be used to improve the integration 
of ergonomics in design; 
3. to use the iterative software development process, and the software itself to further 
understand the way in which ergonomics may be integrated into concept design. 
1.7 Meeting the Aims 
Of the many different methods which could have been taken the main thrust of this research 
has been in developing computer-based systems to: 
0 help designers integrate user requirements information early enough in the design process 
for it to be effective; 
0 enhance the representation and delivery of ergonomics material to designers. 
1.7.1 Ergonomics Decision Support System 
The HUFIT (Human Factors in Information Technology) PAS (Planning, Analysis and 
Specification) Toolset was developed in the 1980s as a paper based system to support the 
discussion of ergonomics issues relevant to the design of IT office products (Allison et al, 
1992). The HUFIT approach was via workshops which were held during concept design 
stages and attended by all stakeholders in the development. Using the HUFIT Toolset ensured 
that task, user, product, usage and environmental issues shaped the product requirement 
specification. It was decided early in this research that a paper-based system may no longer 
be appropriate to support decision making because: 
" Designers and stakeholders may not be co-located when decisions have to be made; 
" The HUFIT forms required updating, and information needed to be transferred from one 
format to the other (e. g. from text fields to spreadsheet cells). This could be automated; 
" Forms can become lost and may not provide an effective archive system for others who 
might, at a later date wish to browse the project material 
To facilitate decision making during design sessions, it was also believed that the decision 
support system could be coupled to other computer-based documents containing vital user 
information (such as data spreadsheets, marketing reports and web based information 
resources). This would enhance the use of reliable ergonomics information and remove some 
of the uncertainties about the characteristics of potential user populations. 
The computer systems (ADECT and then DETECT) were designed to be used either with or 
without information resources (Internet or Excel spreadsheet). The system provides a 
structured approach to the consideration and documentation of user requirements which need 
to be considered and evaluated prior to design work. The resulting ergonomics specification 
can guide subsequent decisions and provide a framework for product evaluation. It is 
believed that such a system will reduce design drift and ensure the product meets the needs of 
its target user group. 
1.7.2 On-Line Information Resources 
To ensure that design is based on sound user research requires access to up-to-date, reliable 
information. It is argued below, and elsewhere in this thesis that the Internet might provide an 
efficient and effective way of producing and delivering this information, as it offers the 
following affordances: 
" it can be accessed from the desk top; 
" networks of related information can be built up; 
" information can be easily updated; 
" information can be presented in a multimedia format; 
0 information is less liable to be lost; 
" information can easily be shared; 
" information can be accessed as and when required; 
Added value would be provided to the decision support system if it was informed by real data 
which could become embodied in the design specification. However, this is problematic. 
Designers are not researchers. They cannot afford to spend time searching for information so, 
quite simply, if the information is not available rapidly or in a convenient form they will base 
their designs on their own experiences, needs and requirements (see also Pheasant, 1988). 
Such an ad hoc strategy is no longer considered appropriate with narrow profit margins and 
competitive markets. 
1.8 The Wider Context 
At one level the research has concerned the transfer of paper-based systems on to computer. 
Paper based guidelines have been transformed into hyperlinked web sites; the forms of the 
HUFIT PAS Toolset have been transferred to a tree based decision support system. The 
research is therefore strongly allied to attempts to provide computer systems which better 
support design activity (such systems may fall under Groupware, Computer Supported Co- 
operative Work and Computer Mediated Collaborative Design). 
At a quite distinct level from this the research has sought to examine the relationship between 
ergonomics and design. The system developed during the course of this research may or may 
not be a very good vehicle for discovering the facets of this relationship. However, its 
development has led to a questioning of the assumptions about the relationship between 
ergonomics and design and the externalisation of a very internal process. The research 
commenced with three basic assumptions that: 
1. designers are able to rationalise their design process; 
2. known facts about a user can have a direct influence on product requirements, and that 
these elements can be factored out and stated explicitly; 
3. that such externalisation (however repetitive) will not be detrimental to the flow of ideas, 
i. e. will not inhibit creativity. 
The software development may be considered as the vehicle in which this voyage of 
discovery was undertaken. The stages of this undertaking are outlined in Figure 1-1. 
Understand propose Realise Evaluate 
Figure 1-1: Design Research Model (after Scrivener, 1999) 
Firstly, an understanding of the nature of the relationship between ergonomics and design was 
gained through the literature review and case study. Secondly two solutions were proposed in 
terms of the development of on-line guidelines and an ergonomics decision support system, 
based on HUFIT. Thirdly, these were realised in terms of Internet-based resources, and a 
computer based system, ADECT. During the final stage of the model, outlined in Figure 1-1, 
both systems were evaluated. 
The information provided by the evaluation and the data gathering exercises, has led to a richer 
understanding of the initial problem (i. e. the integration of ergonomics in design), the 
generation of new proposals to address this problem, and also helped in system usability issues, 
as indicated by the feedback loops in Figurel-2. 
Understand '---ý Propose i Realise i---ýý Evaluate 
Figure 1-2: Model with Feedback Loops 
1.9 Structure of the Thesis 
The manner in which the model maps on to the thesis is illustrated graphically in Figure 1-3. 
The colour coding used in Figures 1-1 and 1-2, shows the progression through the chapters of 
the "understand-propose-realise-evaluate" lifecycle. The closing chapter embodies the feedback 
loops, identified in Figure 1-2, and shows that the intention of the research has been to not just 
provide a system to help designers use ergonomics effectively, but to enhance our 
understanding of the relationship between the two disciplines. 
Figure 1-4 shows the contents of the Chapters 2 to 9 in more depth, and provides a roadmap 
through the thesis. An adapted version of this will be provided at the beginning of each chapter. 
The figure reads from top to bottom, the left hand side shows the way in which the "understand 
-propose-realise-evaluate" lifecycle runs through the thesis, and maps on to individual chapters 
(shown on the right hand side of the figure). The research conducted is shown in the central 
portion of the figure. This is mainly depicted in a chronological order, starting with user 
requirements capture, which led to the proposal of two separate strategics (i. e. on-line 
information and delivery, and the ergonomics decision support system), through to the 
realisation of these (as two web sites, and two versions of the ergonomics decision support 
system), followed by a series of evaluation studies. As can be seen from the figure the 
evaluation studies can be found in Chapters 4 to 8. The current chapter, its theme and the 
contents in terms of research activity, is highlighted as appropriate, showing a progression 
through the research (in Figure 1-4, `introduction' and `Chapter 1' are highlighted). 
Chapter 1 
Introduction 
Chapter 2 
Literature Review 
Chapter 3 
Automotive Design 
Chapter 4 
Problem Definition 
Chapter 5II Chapter 6 
Development of Information Development of Ergonomics 
Chapter 
Chapter 8 
Chapter 9 
Discussion and 
Conclusions 
Figure 1-3: Overview of the Structure of the Thesis 
Understand 
The opening two chapters are primarily concerned with understanding the design process and 
the use of ergonomics in it. The literature review of Chapter 2 considers models of the design 
process, and issues which have prevented the fuller use of ergonomics in concept design. This 
is mirrored by a case study of automotive design in Chapter 3, where through interviews and 
questionnaires, the attitudes of engineers and designers to ergonomics were discovered. This 
also led to a series of user requirements, which guided later system development. 
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During the development of the software it was possible to demonstrate the systems to other 
automotive designers. These were taken as opportunities to validate earlier assumptions 
regarding ergonomics and design and the type of solutions which had been chosen. These 
surveys are presented as they relate to the Internet guidelines (Chapter 5) and the ergonomics 
decision support system (Chapter 6). 
Lastly, the manner in which such systems might be used in an organisation is one of the 
themes of Chapter 8. This is discussed in terms of the manner in which ADECT was 
transformed into a generic system, DETECT. Whereas the understanding of the design 
process gained by Chapter 2 was based on theoretical models, this later chapter considers 
how a need to employ a more user centred approach to design might provide a catalyst for 
organisational change. 
Propose 
The solutions proposed to counter the lack of integration of ergonomics and design arose 
firstly out of beliefs about the nature of the problem gained through the reviews; secondly, 
out of the manner in which design and ergonomics was conceptualised, and thirdly out of the 
interests of the researcher. Chapter 4 provides an account of the problems as initially defined 
and the solutions which were proposed. This is again touched on in the iterative development 
outlined in Chapter 8. 
Chapter 9 discusses the implications of the way in which the problem was conceptualised and 
postulates the effects of initial problem solving approach in the determination of the solutions. 
This chapter also returns the work to its contemporary context and looks to the future by 
proposing new directions for the research. 
Realise 
Chapter 5 details the manner in which the Internet web pages were created. Chapter 6 
provides an historical account of the development of ergonomics decision support system. 
This particular thread is completed in Chapter 8 in which ADECT is developed into a more 
generic system, DETECT. Chapters 5,6 and 8 also contain system usability studies which are 
dealt with separately. 
Evaluate 
Two main evaluation studies were conducted as part of the research. These were designed 
firstly to consider system usability and secondly to look at the use of ergonomics in design (as 
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demonstrated in the use of the software). The usability studies per se are mainly dealt with in 
Chapters 5,6 and 8. These studies are taken as showing that the systems were sufficiently 
usable to support design activity. Attitudes towards the systems and their utility as design 
support aids are addressed in Chapter 7, for ADECT and the Internet guidelines, and in 
Chapter 8 for DETECT. 
1.10 Chapter Summary 
This chapter has introduced the scope of the PhD, outlined the two methods chosen for 
enhancing the contribution of ergonomics to early design and shown the manner in which the 
`design, propose, realise and evaluate' model has been used to plot a course through the 
investigations, and how this relates to the structure of the thesis. Attention has also been 
drawn to the consideration of the manner in which the information provided by the 
investigations might be used to provide information on overall system usability and a greater 
understanding of the relationship between ergonomics and design, and the relationship 
between the researcher and the research. These issues will be revisited throughout, and 
especially in the later stages, of the thesis. 
'Some of the material in this section was presented in Woodcock, A. and Galer Flyte, M. (1998), 
Supporting the integration of ergonomics in an engineering design environment, Tools and Methods 
for Concurrent Engineering'98,21-23rd April, Manchester, England. pp. 152-168 
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2 Review of the Relationship Between Ergonomics 
and Design" 
2.1 Chapter Outline 
There is little doubt that a greater integration of ergonomics information and support for a 
more user centred approach to design would benefit the final artefact. The consideration of 
user needs and issues takes place within the context of a design process. Therefore a 
knowledge of this process and the factors which shape it is a pre-requisite for the 
development of effective ergonomics support tools. 
This chapter looks firstly at the nature of the design process and the models proposed to 
explain it; especial reference is made to engineering design (as automotive design forms the 
central case study in Chapter 3); secondly the chapter considers the context in which design 
occurs as this has an influence on the way in which design teams work and use ergonomics; 
thirdly an overview of the relationship between ergonomics and design is presented. A review 
of the tools and methods which have been developed to support and enhance integration can 
be found in Chapter 6. 
Figure 2-1 shows the relationship of this chapter to the rest of the thesis. As indicated, this is 
one of three chapters which contribute to the understanding of the problem under 
investigation and, as such, the review has implications for the formulation of solutions to 
perceived problems, namely the Internet guidelines and the ergonomics decision support 
systems. As design is seen as a generic process, the review although strongly related to 
automotive design, leads to a series of user requirements which need to be embodied in a 
generic ergonomics decision support system (Section 3.6). 
2.2 Introduction 
One issue which needs to be addressed at this opening juncture is whether ergonomics should 
be integrated into design. One solution to full integration might be to train designers as 
ergonomists, and indeed, later in the thesis educational issues are addressed. However, this 
chapter shows that designers already play a number of roles in the design team - as integrator, 
facilitator, communicator, manager, creator and modeller. It is not appropriate for them to 
12 
M 
c 
eaýma. 
-- ------------ 
---- - -------- 
NpV 
m> .im 
ýI ge - ------------------- ---- -. >. 
El D=w pý U 
its 
3 .............. 
8Q ti 
k3 ý 
F" 
5j 
y` ýýßU 
ä 
s a 
3 
.9 
3 
take on the role of ergonomist as well, but they should be made more ergonomics aware. 
They should be sympathetic to an approach which places user needs at the centre of the 
design process, and should be sufficiently aware of the consequences of ignoring user issues 
(in terms of usability, satisfaction, reduced sales and safety) to be motivated to seek out 
information where it is available, or request studies to be conducted where information is 
lacking, but deemed crucial to the design. Getting the ergonomics right at the concept design 
stage of the development lifecycle will reduce overall product costs, increase acceptance and 
usability. Although tools and methods have been developed to assist designers in the concept 
stages of development (some of which are reviewed in Chapter 6), significantly little research 
has investigated the manner in which ergonomics itself may be integrated into the design 
process, or how designers can be provided with the information they require to begin a user 
centred approach to design. 
Section 2.5 considers reasons why this may be problematic, one of which relates to the lack 
of usability of much of the information generated by ergonomists. Clearly, producing 
information in a more designer friendly manner would enhance its use, especially if it could 
be organised, along with existing knowledge and expertise at a project level 1. An ergonomics 
decision support system could provide such an integrative framework, and would also lead to 
the archiving of knowledge, information and decisions for use by future design teams. 
Ultimately, the problem conceptualisation, and the solutions generated in this thesis have 
occurred within a framework of scientific, rational problem solving (Simon, 1981). This is 
represented in the middle portion of Figure 2-2 which shows the development pattern for the 
tools and the interdependencies. It is doubtful whether designers would have produced similar 
solutions. 
Figure 2-2 shows the central role of the ergonomist (in this case, this researcher) in the 
development of tools to support design activity. The ergonomist believes there is a need for 
better tools to support the use of ergonomics in design. This belief is based on informal 
observations (as indicated in Section 1.2) and an understanding of the design process 
`Project level' refers to a design project, whether large (such as the design of a car) or small (such as 
the design of a gear stick), which may require the skills of an individual designer or a design team. 
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acquired through a literature review, interviews and a postal study (outlined in this chapter 
and Chapters 3 and 8). 
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Figure 2-2: Interdependencies in the Development of Ergonomics Support Systems 
These preliminary investigations also generated a set of user requirements which guided 
subsequent decisions and system development (Chapters 4,5 and 6) by the programmer. A 
designer, trained in different methods, may have conceived the problem differently, and 
generated a different solution (right hand side of Figure 2-2). The development of successful 
tools rests on the ability of the ergonomist to represent her understanding of the problem and 
required solution in a manner comprehensible to the system developer2, who then has to 
programme this as a usable system for the designer. If the resultant system is too far removed 
from the designer's requirements, or dissimilar to the manner in which s/he conceives the 
problem, the system may be unusable and ignored. 
The rest of the chapter will consider the nature of the design process with a view to 
understanding the stage at which ergonomics should be integrated, and the reasons why this 
has not occurred to as great an extent as one would have hoped. The review was augmented 
by a postal survey and interviews with designers, detailed in Chapter 3. 
I Richard Bartlett undertook all system development and programming. 
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2.3 The Design Process 
it is not the intention of this Chapter to present an exhaustive review of the design process. 
Rather this should be seen as a starting place for the development of a set of requirements that 
a system supporting ergonomics in the early stages of design should fulfil. 
Design may be influenced by a number of short and long-term factors. These, in turn have a 
bearing on the manner in which ergonomics is used and can influence the design (as shown in 
Figure 2-3). In terns of the development of tools and software to support these processes, the 
constraints, feelings and belief structures of individuals and their work groups can be as 
important as the tools themselves. For example, the structure of an organisation can influence 
the location of the ergonomics department within it; the organisational culture effects the 
manner in which ergonomics criteria might be considered; the technical infrastructure effects 
the choice of equipment and the manner in which it is used. Likewise, the nature of the design 
process itself influences the stages at which ergonomics is considered, the manner in which 
investigations are conducted and the results made available. These factors are outlined in 
Table 2-1. 
Global issues will affect the nature of the products, the targeting of consumers, marketing 
strategies and the type of features which are emphasized. For example, legislation relating to 
pedestrian safety may force automotive manufacturers to consider the safety of pedestrians 
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Figure 2-3: Representation of Influences on Design 
and car occupants; niche marketing might require the design of additional modules which will 
excite/delight and surprise different groups of users (Figure 2-8). Changing windows of 
opportunity require the constant adaptation of designers and design teams, not only to new 
products and styles, but also to new users whom they may know nothing about. The need to 
access latest trends and information about different market segments speedily, makes the 
Internet an important information-sourcing tool for designers. 
16 
Table 2-1 Factors Affecting the Design Team (after Wallace and Hales, 1987) 
LEVEL OF INFLUENCE CATEGORY EXAMPLES OF CONTRIBUTING 
RESOLUTION FACTORS 
1. Macroeconomic External influences " social, political, economic, 
(environment) ecological, legal. random 
2. Microeconomic Market " demand, competition, risk 
(market) Resource availability " finance, services, people Customers 
" need, urgency, expectations 
3. Corporate Corporate structure " size, span, complexity 
(company) Corporate systems " integration, remuneration 
Corporate strategy " objectives, risk taking 
Shared values " commitment enthusiasm Management style 
" autocratic benevolent Management skills , 
Management staff " co-ordinating, resource use 
" judgement, confidence 
4. Project Design task " magnitude, complexity, risk, 
novelty, quantity, timing 
Design team " expertise, experience, 
role balance, motivation 
Design techniques " systematic procedures, 
communication, motivation 
Design output " productivity, quality 
5. Personal Personal knowledge " knowledge base, usefulness 
Personal skills " perception, imagination 
Personal attitude " self discipline, integrity 
Personal motivation " enthusiasm, involvement Personal output 
" productivity, quality 
Design has been described as the devising and discovery of new systems, devices and 
processes. It is a complex activity, usually employing a sequence of individuals who work 
together in pre-arranged ways which enable them to achieve their goals in a limited time 
frame. Asimow (1962) defined the design process as "the gathering, handling and creative 
organisation of information relevant to the problem situation; it prescribes the derivation of decisions which are 
optimised, communicated and tested or otherwise evaluated. " 
A widely shared, current view of design, is that any design follows a more or less specific 
pattern, adjusted to meet the needs of the situation itself. Upon this are superimposed 
requirements relating to the technical domain in which the work proceeds (Gregory, 1982). 
For example, the same underlying processes can be seen in engineering and architecture. The 
discovery of these cross disciplinary similarities has occurred in tandem with the 
development of powerful systems to improve work, avoid design errors, find optimal 
solutions, and facilitate teamwork, as well as CAD systems and drawing packages to aid 
modelling and visualisation. The process is represented in its simplest form in Figure 2-4. To 
a certain extent, Table 2-1 supplements this, for example by indicating ways in which 
management process might be classified. The figure also introduces the movement through 
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design from the identification of a need, by the designer or the organisation to a fulfilment of 
that need by the creation of an artefact, using management structure, design skills and 
external knowledge. The manner in which these are represented in design models, and 
organisational structure will be touched upon later in this chapter. 
Management Process 
Need Goals Directives Controls 
Means of 
fulfilling 
Design Process need 
Designers using working means 
External Knowledge 
Figure 2-4: The `Design System' in a certain context (after Hubka and Schregenberger, 1987) 
The similarities in the design process relate to an underlying core of activities recognisable in 
most of the literature. Drucker (1955) distinguished a five-stage decision sequence, with 
appropriate feedback loops, which is at the core of many models. These relate to problem 
definition, analysis, development of alternative strategies to solve the problem, solution 
selection and conveying the decision into effective action. 
The design process is about following this high-level strategy originating from an awareness 
and understanding of an initial need, followed by attempts to find solutions, which are 
evaluated against a set of criteria, and either accepted of rejected. This is the analysis, 
synthesis, evaluation triumvirate (e. g. Jones, 1963) shown in Figure 2-5, moving from the 
abstract to the concrete, from ideas, through to their representation as models and schematics, 
through to the final product. 
Product 
Decision 
Need 
Concrete 
Abstract 
Figure 2-5: The Analysis-Evaluation-Synthesis Reiterative Cycle 
Design progresses by the analysis of requirements which are reduced to a set of logically 
related performance specifications. The initial analysis should be in terms of the user 
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requirements not performance characteristics. This is followed by a period of synthesis during 
which solutions are found for individual performance specifications from which'complete' 
designs may be generated. These may be represented as concept designs, models or 
prototypes. These solutions are then tested against performance specifications, during the 
evaluation phase of the process. Much ergonomics effort normally goes into this evaluation 
stage, and not the earlier analysis and synthesis stages. 
Although widely recognised this model has been criticised as being too simplistic (e. g. 
Broadbent, 1973); designers may not have all the information available to them at the start of 
the process; external factors such as those detailed in Table 2-1 might have a great influence 
on the final design; individual design style (e. g. Lawson, 1972) may lead designers to follow 
different approaches and solutions; practicing designers do not necessarily use prescribed 
methods. For example, Staufer et al's (1987) study of mechanical designers found that 
decisions were based on qualitative reasoning, with designers quite happy with casual 
decision-making. Not surprisingly, designers' knowledge levels were found to play a crucial 
role in the generation and evaluation of ideas and the type of problem solving methods 
employed. However, the designers did not strive to find optimal solutions. Instead they were 
content with solutions that worked or simply satisfied the requirements. This was a 
characteristic of conceptual, layout and detail stages. Although this was a laboratory-based 
study, practising designers are typically faced with greater constraints which might prevent 
their ever attempting to strive for the optimum solution. 
X Inappropriate solutions generated Initial % by misunderstandings 
Problem 
solution 
space 
Possible 
solution 
Iterative movement to 
solutions, which may never 
lead to the optimum 
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tion 
Figure 2-6: Movement Through the Solution Space 
This is paralleled by Gill's (1987) representation of design as a movement through a problem 
solution space. Starting with a problem the designer works slowly towards a solution (as 
shown in Figure 2-6). The space itself is bounded by factors which infringe on the design at 
the current time such as cost, performance, amount of effort required for attainment, 
probability of success and aesthetics (McCrory, 1966), through to designer specific attributes 
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such as training and experience (see Table 2-1). Movement towards the solution occurs 
through the application of knowledge and design skills, it is rarely direct, involving false 
starts and numerous iterations. Successful design results from a compromise of the optimum 
combination of factors such as technology, economic and aesthetic merit (Shahbendarian, 
1966). Whilst one can rationalise the factors that are likely to influence any particular design, 
few assumptions should be made about the shape of the final design at the outset. Figures 2-6 
and 2-7 show that the optimum design may not ever be reached, and the critical role of the 
initial specification in assuring that the design progresses on a path which may lead to a near 
optimum solution. 
Initial 
problem 
Specification reduces 
the potential solution 
space 
0 
Unclear specification, 
resulting in time and effort 
wasted on generation of 
inappropriate solutions 
Overspecification 
resulting in the exclusion 
of the optimum solution 
solution 
Figure 2-7: The Effects of the Specification on the Solution Space 
For this research, the role of the specification, in particular the ergonomics specification is 
central, as it is at this stage that a more user centred approach to design can have its most 
impact. The specification should address the question of what is to be designed and ideally it 
should: 
" include the qualities and attributes the solution should possess; 
" establish the essential design parameters (the solution space); 
" include the criteria by which candidate solutions will be judged; 
" suggest where further information is required, either from the sponsor, existing literature 
or through more research (Eder, 1966). Without this type of information, a solution which 
is believed appropriate might not sell, even if manufactured to the highest of standards; 
0 it should not state how the solution attributes would be achieved, unless there is a clear 
case for doing so (e. g. legislation against certain solutions). 
The specification controls subsequent design activities by placing boundaries on designs. 
Over specification may result in decreasing the size of the solution space, resulting in a whole 
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series of solutions being neglected. Under specification may generate a range of solutions that 
fail to meet the essential requirements. The specification should also be used to develop 
criteria against which a design can be measured, so the solution can hopefully be closer to the 
optimal (see Figure 2-7). 
Unfortunately in the examination of the market/user needs, Pugh (1990) stated that "it is a fact 
of life, and of industrial practice (irrespective of discipline or product) that what might be termed the front end of 
design is still not handled at all well. " An oft quoted example is that of the Sinclair C5 electric car 
which was developed without any investigation or understanding of user needs. If enough 
effort is put into this stage then the product should fair well against the competition and most 
importantly, will satisfy user needs and expectations. 
Most of the models stress that design proceeds in an orderly fashion following from the 
design brief or specification. It would seem that tools are required which will help designers 
generate or clarify the user issues of a specification, and also pinpoint where their knowledge 
of user issues might be lacking. Ergonomics decision support tools could clearly support this 
initial, crucial stage by helping designers focus on the product they are going to design and its 
potential users. This is especially true for designers removed from their potential users (such 
as those designing a product for Third World markets) who may need to rely on others to 
capture information on user requirements for them (Woodcock, Lee and Scrivener, 2000) as 
obviously, the closer the organisational connection between those who perceive needs and 
those who develop the technical solution, the greater the probability of success (Holt et al, 
1984). 
Moving on from the specification, of the engineering design models considered (e. g. 
Asimow's 1962 morphology, Pahl and Beitz's systematic approach to engineering (1977) and 
opportunistic design, French et al, 1993), the one which appears to best explain the way in 
which design is conducted is Pugh's (1990) Total Design model which places design at the 
centre of the organisation (Figure 2-8)3. 
In this model design can be viewed in isolation from a particular domain with the techniques 
of analysis, synthesis and problem formulation known to all designers regardless of their 
discipline. These skills are complimented by discipline dependent techniques which 
' In the interviews with automotive designers it was this model which they recognised as being in place 
in their organisation. 
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individual designers bring into the design team. The model indicates the way in which design 
may be fragmented across different departments, especially when creating complex products 
(such as cars). The manner in which this model becomes manifest in organisations may lead 
to problems in solution generation and information transmission when the design is passed 
from one project team to another, or when different aspects of the design are favoured over 
others. 
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Figure 2-8 Total Design Model (after Pugh, 1990) 
Total Design emphasises a systematic approach from the identification of the market/user 
need, to the selling of the successful product to satisfy that need, with the whole organisation 
acting to support design. If the optimal solution is to be found, then this need must be clearly 
defined and understood by all those involved in the design and its realisation. This becomes 
more difficult when there is not a continuity of membership in the design team. 
Engineering design is a more complex, multidisciplinary process. Bertodo (1994) 
characterised successful engineering design as being about "conceiving, realising and selling 
affordable and satisfying products to a customer at a faster rate and to a higher level than the competition can. " It 
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is constrained by the needs to satisfy both customers and company shareholders thereby 
requiring the application of knowledge and judgement in prioritising and fulfilling often 
conflicting demands. Although automotive design is considered in more detail in the 
following chapter, it is worth noting that it does, to a certain extent follow the model outlined 
in Figure 2-8. moving from brief specification, through to concept and detail design and on to 
manufacture, with sign off points regulating progression from one stage to another. 
Conclusions 
It has been estimated that 70-80% of final production costs are determined during concept 
design (Whitney, 1988). So it is not surprising that this early stage has been subjected to 
analysis by those seeking to improve the process and the end result. Whilst research has 
considered supporting visualisation, design management and communication processes, little 
has considered the management of ergonomics input into this stage 
This research addresses the development of tools to support the early stages of concept 
design. During concept design, the target users and the specification are defined leading to the 
exploration of possible product concepts and potential solutions (Powell, 1990; Ertas and 
Jones, 1993). The formulation of the design concept combines the form, function and features 
of the product (Urlich and Eppinger, 2000). Incorporating ergonomics, or user centred 
information has to occur before, or at least during, the emergence of product concepts, so it 
can contribute to their generation and discussion. This means that the information which 
informed design decisions has to be available to those who might wish to discuss and evaluate 
the concepts. 
This section has addressed, in general terms the design process, and indicated the stage at 
which it is believed ergonomics may make the most contribution to enhancing the design 
from the user's perspective. Before considering the reasons why this integration has not been 
successful, further consideration will be given to the context in which design occurs, as this 
has a bearing on not only why ergonomic issues may not be given sufficient attention, but 
also on the specification of the tools which are designed and considered in this research. 
2.4 Issues Which Effect Design 
All design occurs within a context that influences not only the end product, but also the 
manner in which the process is conducted. These issues have been alluded to in the last 
section, here they are dealt with in more detail, as any tools or recommendations developed 
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out of this research have a direct relationship to them. In terms of Figure 2-3, the section is 
arranged from the outside in, and will commence with globalization. 
2.4.1 Globalization 
Different nations are being drawn together in tighter configurations through closer financial 
and trade agreements, rapid and efficient means of communication (mass media, transport, 
telephone, faxes), warfare and cultural flows (immigrants, refugees, workers, tourists, exiles), 
multimedia information of world images etc. This trend has three important consequences for 
designers; firstly they are designing for a world market; secondly they may become part of a 
virtual design team and thirdly they have potential access to a wider range of material, which 
may or may not influence their design decisions. 
2.4.1.1 Designing for World Markets 
Designers are now removed from potential customers and the usage of the products they 
design. Short design cycles mean that if ergonomics investigations are to take place they must 
be timely, effective and efficient. If designers do not have formal ergonomics training they 
may be reliant on information found in guidelines and journals. More frequently they rely on 
their own experience and intuition (Pheasant, 1988; Ward, 1990), which is culturally 
determined. Although this may be improved by the employment of virtual reality systems 
(Eason, 1995), these are unlikely to aid designers and engineers in understanding of user 
characteristics such as tasks which will be carried out with the product, and the manner in 
which it will be used. These factors are required early in the design lifecycle, and are not ones 
which are amenable to laboratory investigation. 
The inability of designers to understand the requirements of potential product users from 
different cultures has produced a range of solutions, such as allowing designers to live in the 
culture they are designing for, the development of questionnaires on web sites to capture user 
requirements, or outsourcing design work to consultants who are situated in the target market 
(Woodcock, Lee and Scrivener, 2000). The latter approach has revealed problems relating to 
the ability of such consultants to adequately perform market research. This may indicate that 
designers do not have sufficient support in the identification of those human factors which 
differentiate one market from another. This research is not primarily about the development 
of methods to capture user requirements, but about how this information may be fed to 
designers and integrated more closely with their work during concept design. 
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2.4.1.2 The Virtual Design Team 
Virtual task forces are seen as the most effective way of responding to rapidly changing 
markets or situations (e. g. Bergan, 1997). Members of such teams may be geographically 
distributed and rarely meet. Aldersey-Williams pointed out that it was not untypical for the 
client "to be based in country A, selling mainly to country B, but employing a firm in country C with a project 
designer from country D. " Short lead times and high investments increase the pressure for designs 
to be right first time and to be produced with a shorter development cycle. Success is equated 
with conceiving, realising and selling affordable, satisfying products to a customer at a faster 
rate and to a higher quality than the competition. The pressure to gain competitive advantage 
and maximise the use of resources is leading to 24-hour design in which projects are handed 
over to design teams in different time zones to ensure continuous design activity (Lindemann 
et al, 2000). 
2.4.2 Team Working 
Large businesses (not just in the design sector) are undergoing dramatic restructuring, with a 
trend towards small, dynamic, task focused business teams which can react quickly to 
changes in the world market. With increasingly competitive markets (in every area), the need 
is for fast, effective decision-making, enabling companies to respond quickly e. g. to changing 
markets. Organisational restructuring aims to allow these small teams to function effectively 
with flatter hierarchies allowing direct communication within and across organisations. 
Automotive design still progresses by the issuing of 'letters' and the formal signing off of each 
stage. 
In order to recognise and respond to changing demands, people need to acquire and analyse 
information instantly, respond innovatively and collaborate productively. Small teams of 
experts, drawn from all areas of the organisation are believed to operate most effectively in 
such an environment. This means employees work on short-term projects and are drawn in to 
teams as required. They might work with people they do not know, who are from different 
disciplines, and who speak different languages. This is as true of design as it is of engineering 
and finance. There is a shortfall in people who possess these skills, which has lead to a 
greater emphasis being placed on providing children and students with opportunities to 
participate in project based work (Denton 1997,1994). In such an environment the computer 
becomes an essential tool for accessing, analysing and sharing information, and for enabling 
international communication. 
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The constitution of the design team is viewed as a primary factor in maintaining a competitive 
edge, for example, Bertodo (1994), "The broader the knowledge and understanding of individual team 
members, the smaller the team, the lower the realisation cost, the faster the realisation time and the less likely the 
risk of customer rejection and failure". Design teams have no direct influence over many of these 
influences, but must adapt themselves to the changes by skilfully improvising, acting 
collectively, using knowledge which is both provisional and developing, acquiring 
information by participating in groups and developing it through experience and debate. 
2.4.3 Technology 
Computers are now inextricably linked with design. They support many of the functions of 
team working and visualisation, for example they: 
" facilitate synchronous communication in design teams, for example in relation to the 
sharing of thoughts and ideas about concepts (e. g. Tang, 1991). 
" support asynchronous communication. Most notable in the last decade has been the 
growth of email as the most efficient means of communication for geographically 
dispersed teams (Palme, 1995) and individuals who wish to disseminate their expertise 
(e. g. Rodgers et al, 2000). 
" aid scheduling and resource management through Groupware applications such as Group 
Decision Support Systems (GDSS), group document handling, workflow and workgroup 
utilities such as calendars (Coleman and Khanna, 1995). 
" allow speedy access to multimedia information through CD-ROM, DVD's etc. 
Multimedia has been heralded as the technology of the future (Gunasakeran and Love, 
1999), allowing users to share, communicate and process information in a variety of 
forms (e. g. text, voice, graphics, animation, video). 
" enable the visualisation and modelling of concepts in software packages such as 
PhotoShop, CorelDraw, I-DEAS, Pro-Engineer and Alias. 
The above indicates that, although at the start of the research, some aspects of design were 
considered difficult to support with computers, the decision to provide computer based 
support mechanisms was a sound one, which would complement new and existing means of 
working4. 
See also Chapter 5 for more detail on computer developments. It should also be noted that during the 
early part of the research (interviews, feasibility study) participants were without networked PC's, and 
at least one could not envision a time when he would use one! 
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2.4.4 Designers' Characteristics 
The increase in levels of computer literacy amongst designers (and others) is confirmed by a 
study by Court, Culley and McMahon (1993) of automotive designers and engineers which 
showed they possessed varying degrees of expertise with computer systems, ranging from 
none, through to the usage of sophisticated CAD and virtual reality programmes. Midway 
through the research, fashion designers were still expressing a worry about job security if 
they could not use computers, the manner in which computers might affect the final design, 
and financial reward for retraining (Woodcock and Marshall, 1997). By the end of the 
research, training in computer skills has become a central part of many courses (such as MA: 
Automotive Design, at Coventry University and Product Design Engineering at Glasgow), 
and design teams work with sophisticated CAD and videoconferencing packages. 
The success of such systems as PictureTel for videoconferencing has owed much to research 
in the domain of Computer Supported Co-operative Work (CSCW) which Greenberg (1991) 
describes as the "the study and theory of how people work together, and how the computer and related 
technologies affect group behaviour. " Drawing on research methodologies adopted from the social 
sciences, researchers in this domain have analysed the manner in which teams work together, 
with a view to developing systems to support group behaviour. The results of these 
endeavours lie behind many of the developments outlined in Section 2.4.3 above. 
Additionally many of the methods used in the later analysis are related to the ones used in 
CSCW (see Figure 2-1). 
Numerous investigations of CSCW have considered the way in which drawings are used to 
support design activity, e. g. in terms of supporting shared drawing activity, the bandwidth 
needed to transfer images, developing protocols to aid discussion about images. Designers are 
visual communicators. In terms of the requirements of other systems to support them (such as 
information resources) this means that long passages of text are not going to be attractive to 
them (e. g. Meister and Farr, 1967). 
2.4.5 Organisational Structure and Product Development 
Considering the Total Design model shown in Figure 2-8, and the earlier discussion 
concerning the role of the Product Specification, the role of the Marketing Department (or an 
equivalent organisational structure) becomes critical in providing the design team with 
information about what the market thinks it needs or what is would ask for if it really knew 
it's needs (Stobart, 1966). The importance of introducing customer information as early as 
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possible into the process has been well documented (e. g. Cooper, 1993: Bruce et al 1995). 
Cooper and Klcinshmidt (1987) also showed that the detailed analysis of market requirements 
is one of the most neglected areas of product development. Even when information is 
available, it may not necessarily be available to designers or in a form that they can use (see 
next Chapter). 
Figure 2-9 illustrates the relationship between customer satisfaction and the extent to which 
the design meets their needs and requirements. For any particular user, or group of users, a 
product may find itself positioned in any one of the four quadrants, depending on the extent 
to which the initial requirements were met. Good design should delight the customer whilst 
meet their needs and desires. Occasionally customers will be surprised because a design 
meets their 'unconscious' needs and desires. This has been used by companies eager to 
exploit hidden motivations and desires, e. g. motivational research, which was responsible for 
an advertising campaign depicting a saloon car as `the wife' and the little red sports car as 
`the mistress' (Packard, 1981). Bad design may occur when customers' needs and desires 
have not been met, either because they were not fully articulated during requirements capture, 
or they had been specified but not translated into design features. Good design will lead to 
increased sales, whereas bad design, will eventually lead to a decrease in sales. 
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The relationship between Marketing and Design has a close bearing on the position of the 
design in the quadrants of Figure 2-9. To be successful this relationship requires the gathering 
of basically user/consumer/customer issues by the Marketing Department. These are typically 
gleaned from a number of sources such as clinics, surveys, after sales support. Transmission 
of this information to designers in a timely and appropriate manner, and the encapsulation of 
these requirements, by the designers in the final product needs to be better supported. 
Evidence suggests that problems can be associated with any one of these stages. 
With regard to this, the aim of the research is two fold. Firstly, to consider better ways of 
representing ergonomics information (i. e. that normally found in written publications) to 
designers. It is acknowledged that such information may only represent a fraction of the 
design source material. Secondly, to develop a system which will allow designers to structure 
user related information (from whatever source) in a systematic and meaningful manner 
which will enable it to be considered during product specification. Considering ergonomic 
requirements at the beginning of the design process should not curtail the problem space (see 
Figure 2-7), but ensure that the design will be appropriate for the target population, i. e. closer 
to the optimal solution. 
Conclusions 
This section has considered in very broad terms the nature of the design process, and the 
changing context in which it occurs. Design can be seen as a problem solving activity, 
interdisciplinary in nature and frequently chaotic in execution. In developing an ergonomics 
decision support system it is important to consider the nature of the activity and its 
manifestations (in terms of organisational and management procedures). In terms of general 
requirements, the system has to consider: 
" the work undertaken in concept design; 
" the nature of the information which is used in concept design and how that information is 
used; 
" consider the requirements of designers themselves; 
" the information designers need to initiate a user centred approach to their design activity. 
The next section considers the relationship between ergonomics and design. 
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2.5 The Relationship Between Ergonomics and Design 
The call for greater inclusion of ergonomics in design is no longer generated by ergonomists 
themselves or by designers, but from corporate management. Products originating in Japan 
and Asia are outselling UK and European products in traditionally 'safe' markets (Bertodo, 
1994). Japan has shown the benefit of QFD (Quality Function Deployment) techniques, 
nurturing design talent through government initiatives, concurrent engineering and the ability 
rapidly to adapt to changing market forces. With an emphasis on `designing for quality, ' the 
place of ergonomics is assured - one has to know one's potential customer and translate this 
knowledge into appreciated and appropriate design features (see also Figure 2-9) 
Incorporating ergonomics early into the product design life-cycle has proven benefits in 
reducing problems with usage, increasing acceptance of the finished product and increasing 
functionality (Lim op cit., 1992). This is especially true for organisations which are 
characterised by heavy investment during design and development. When changes to the 
design are made late in the development cycle, four things happen: 
" the changes are reactive and preventative (Simpson and Mason, 1983) rather than 
proactive (i. e. they are attempts to correct inadequate and inappropriate features), rather 
than attempts to actually lead design; 
0 the changes are more likely to be superficial, as it will be too expensive to correct major 
design problems; 
" as interdependencies increase, such as retooling, changes become more costly (Grudin op 
cit., 1987), 
" those calling for the changes are faced with hostility and the need to justify changes. 
Increased competition and globalisation/regionalisation of markets means that, for the 
automotive industry, interest in ergonomics is no longer only concerned with vehicle 
packaging and anthropometry. As the emphasis in design is being placed increasingly on the 
need to identify user requirements, it is now recognised that ergonomics is an important 
contributor to the underlying philosophy, rationale and techniques used to generate the initial 
design space (in which all potential designs are free to co-exist). In taking this wider view, the 
contributions made by ergonomics can be traced through the design lifecycle from product 
brief to product planning, through concept design, manufacturing, evaluation and on to post- 
sales testing, customer support and advertising. 
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2.5.1 User Centred Design (the theory)' 
User centred design became widespread in the 1980's where it was advocated in the field of 
Human Computer Interaction (HCI) and the design of information technology products, 
although it can be equally well applied to any form of product development. It is essentially 
an approach which places the user at the centre of the design process, and has been described 
as `designing from the human out' (Woodson, 1981). An underlying belief of user centred 
design is that the systematic application of information about human capabilities, 
characteristics, behaviour and motivation to the design of the products, systems and 
procedures people use, and the environments in which they use them, will actually benefit the 
design of the product or system in question. 
In their analysis of the user centred approach to design, Gould and Lewis (1985) presented 
three high level principles which are universal to good design. These are an early focus on 
users and tasks (including all stakeholders), empirical measurement and iterative design. In 
terms of this research the ergonomics decision support system should aid designers in their 
contemplation of user issues during concept design and help iterative development. 
User centred design can be undertaken using three different approaches (Eason, 1992); 
namely design for users, by users or with users. Of these, the ergonomics decision support 
system will support the first of these, i. e. design for users, by providing a structure which will 
allow a knowledge base to be built up and maintained containing data, knowledge and beliefs 
concerning potential product users and stakeholders. The rationale and development process 
of this are discussed in more detail in Chapters 4 and 6. Such a system is designed to offer 
support for designers and design teams who are sympathetic to user centred design and who 
do not have access to an ergonomics expert within their organisation. The next section looks 
in more detail at the role of ergonomics and ergonomists in design environments. 
2.5.2 Ergonomists in Industry (the practice) 
Whilst some manufacturing companies have their own ergonomics departments (e. g. Philips, 
BMW, Ford, Rover), others do not. The precise role of these departments and how they 
function is not well documented. The location of the department or ergonomists in the 
company structure can be indicative of the way in which ergonomics is perceived in that 
'User centred design is discussed more fully in Section 4.4.1.1.2 
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company, and the functions which the ergonomist assumes. In some cases the Ergonomics 
Department is an independent Research and Development Department in other cases it 
resides in Styling, Product Development or in Electrical and Electronic Engineering or 
Quality Assurance. 
Van Cott and Huey (1991) conducted a survey of human factors personnel. The principal 
workplace was in private business or industry (74%) including computers (22%), aerospace 
(22%) and industrial processes (17%). Sanders, Bied and Curran (1986) reported that 
although 57% of the respondents in a survey of the Human Factors Society reported working 
in a 'large' organisation 49% indicated that their immediate work groups consisted of 10 or 
fewer people. For most of the respondents, the number of human factors people in their work 
group was small. 24% reported no other human factors people in their work group and 25% 
reported only one or two others beside themselves. Hence it can be seen that human factors 
people primarily work in small groups within large business or industrial enterprises where 
engineering design is likely to play a major role. 
In the survey (Sanders et al., op cit., 1986), activities performed moderately often by over 
30% of human factors respondents included communication and management as well as 
system development, research and evaluation. System development involved 'determining 
system requirements' 43%, 'verifying that the system design meets human factors standards' 
43%, 'writing system goals and objectives' 40%; performing task analysis' 37% and 
'specifying user requirements for hardware and software' 31%. Research and evaluation 
involved'developing experimental designs to test theories or evaluate systems' 44%, 
'designing data collection instruments and procedures' 39%, 'determining the proper statistical 
test for a data set' 38%, 'planning and conducting user-machine evaluations' 36% and 
'developing criterion measures of human system performance' 31%. This indicates a 
significant role within the organisations employing ergonomists. 
In their study of vehicle design Haslegrave and Holmes (1994) found that ergonomics was 
used specifically in the following stages: 
" Analysis; definition of ergonomics requirements, CAD/workspace modelling, 
development of solutions; 
" Trials with mock ups and mobile test rigs: critical evaluation of solutions, interior package 
and feature assessment; 
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" Prototype evaluation - full vehicle assessments. 
The survey, reported in the following chapter looks at this in more detail. Given the Total 
Design Model, ergonomics should be an integral part of the design process, fully incorporated 
from the identification of the product need by the Marketing Department, through design, 
production and evaluation and on to post sales support. The research cited above reveals that 
ergonomists may only serve one sector of the organisation and are not formally recognised as 
a central resource. The next section of the thesis will examine some of the issues surrounding 
the effective use of ergonomics in design. 
2.5.3 The Relationship of Ergonomics and Design 
There has been a long documented and continuing account of the difficulties in integrating 
ergonomics in both product design and engineering environments (e. g. Meister and Sullivan, 
1968; Hockey and Westerman, 1998; Porter and Porter, 2000). This is worrying for 
ergonomists, who know that the information or techniques they possess could lead to a better 
design and also for those designers who recognise the potential benefits which ergonomics 
could bring. For example, Simpson and Mason (1983) pointed out the need for ergonomists to 
be involved early on in the design process, but commented that they are in reality frequently 
asked to evaluate already working systems or fully developed operational prototypes. 
Ergonomists 
- have information relevant 
to design issues 
The Opaque Interface 
- have ability to generate 
information relevant to design issues 
Research Questions 
Unrelated work --------------- inapplicable results 
Relevant work presented in inaccessible/unknown journals 
Articles written in a manner incomprehensible to those without formal training 
Results not presented in a way which can be turned into design recommendations 
- need information about users, tasks, 
tools and environment 
On-line Information Resources 
I Design Issues 
- need methods and tools to discover 
user requirements 
Ergonomics Decision Support 
Leslgners 
Figure 2-10: The Opaque Interface (after Woodcock and Galer Flyte, 1995) 
This section outlines some reasons which have been identified as causing problems in the 
integration of ergonomics. Some of the issues were highlighted in the early 1995 paper 
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Woodcock and Galer Flyte, from which Figure 2-10 is taken. These issues are expanded in 
the following sectionsiii. 
2.5.3.1 Language 
Language becomes an issue when the structure of verbal or written items are presented in a 
manner which impedes the effective and efficient communication between individuals or 
members of different groups and disciplines, who are required to work together. This may 
operate at a number of levels, for example, the concept of ride comfort might mean totally 
different things to an engineer and an ergonomist. At a semantic level the conversation falls 
down if the protagonists use different terminology and view the subject of their discourse 
from different perspectives. 
2.5.3.2 Presentation 
Until recently much ergonomics information was presented in journals or books written for or 
by the ergonomics expert or academic. Whilst it is acknowledged that this will not be the 
prime source of information for many designers, it may be their first introduction to the 
subject. Presentation of information in this format gives rise to four problems: 
1. Presentation of information in academic journals is written in a manner consistent with 
the demands of academia, and not the needs of the practitioners. Hence an emphasis is 
placed on formal language, text and tables, not the preferred communication media of the 
designer. The results and conclusions of the studies become hidden under layers of 
linguistic complexity and intricate patterns of statistical analysis, which can only be 
interpreted by an ergonomist or domain expert (Haslegrave and Holmes, 1994). 
2. Academic research and research for design are fundamentally different in nature, for 
example in terms of the funding, the type of questions which are considered, the results 
produced and the length of time available. This leads to a preponderance of articles in 
ergonomics journals, which are unrelated or not directly related to design activities. 
Ergonomics research findings are often highly context dependent which makes their 
application to novel situations difficult. 
3. A designer's frame of reference and background means that it is very difficult for him/her 
to evaluate the quality and applicability of research data and set it in its rightful context 
(Lincoln and Boff, 1988). 
4. Knowledge/results are not presented in a form where they can be carried through to a 
design recommendation (Allison and Maguire, 1986), but have to be reinterpreted by the 
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reader. It is therefore very difficult for those with no formal training in the discipline to 
understand. "Engineers do not understand our methods, our jargon, and our findings, and there is no 
reason why they should. If our work is useful, and by useful I mean that it has design applicability, it is up to 
us to point out explicitly what that work means for the design of something. " Chapanis (1990). 
Additionally the vast amount of ergonomics information which is produced fails to reach the 
target audience (Eason and Harker, 1991) because the designers might not easily acquire the 
journals. It is difficult to locate, because it is scattered across many different professional 
journals, periodicals and technical reports. Klein and Brezovic (1986) surveyed trainee device 
engineers about sources of information they use and find helpful during the design process. 
The greatest emphasis was on sources from their professional background including mock- 
ups and experiments 50%, similar or familiar projects 20%, personal experience 17%; 
informed sources including users 25%, colleagues 10%, human factors experts 8%; technical 
literature including human factors data 10% and military standards and specifications 7%. 
The low value given to the human factors experts and technical literature indicates a difficulty 
in finding appropriate experts or locating relevant literature. The reference to users as 
informed sources was heartening as is the use of mock-ups and experiments. However, users 
often turn out to be other engineers in the company, not at all representative of the actual end 
users of the product or system under development. In the next chapter we will be looking at 
whether this finding can be replicated. 
Of the many ways in which the integration of ergonomics and design can be enhanced, it 
would seem that this is the most tractable, and the one in which ergonomists fail to `practice 
what they preach. ' For this reason, one of the research threads considers ways in which 
information available in the public domain can be designed and delivered to designers in a 
more useful and usable manner. 
2.5.3.3. Philosophy 
The perception of the user in engineering design is often both inadequate and inappropriate. 
Changing this perception can be problematic. For example, designers are still content to 
design for themselves and base the design on their own experiences. Pheasant (1988) reported 
that designers assume that they, themselves, are a good approximation to the product user 
group; that humans have proved repeatedly that they are sufficiently adaptable to overcome 
most design inadequacies; that nothing can be done about behavioural vagaries; and it is still 
firmly believed that appearance and styling influence purchase to a greater extent than 
ergonomics. 
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This might also reflect a greater underlying difficulty regarding the concept of the user. To an 
ergonomist this might mean anyone who comes into contact with the product, e. g. driver, 
passenger, other road user. To a designer/engineer it might relate to just the primary product 
user e. g. the driver. 
Designers and engineers want solutions to particular questions. Appropriate techniques are 
not always available to answer behavioural questions arising in system development and 
research concepts, methods and data might not be transferable to operationally usable 
techniques. They require prescriptive information, applicable to their current task. Human 
factors information by its very nature is context dependent. 
2.5.3.5 Confidentiality Agreements 
Useful results are hidden away under confidentiality agreements or embedded in journals 
which solely serve the needs of the ergonomics community (Cona and Monk, 1993). 
Effectively they are not in the public domain. This problem is not just restricted to 
ergonomics, but is a larger one, in which commissioned research which might be of `common 
good' is effectively withheld. With regard to automotive design this has been made easier by 
agreements between automotive manufacturers to share and fund research in areas of 
common interest. 
2.5.3.6 Organisational Issues 
Meister (1982) emphasized that the prominence of human factors issues depended on a lot of 
organisational issues such as funding and the project manager's autonomy. He saw the 
design engineer as the "`gatekeeper' for developmental inputs: his attitude toward behavioural factors 
determines in a large part whether or not they will be incorporated into the design. " 
In terms of the overall design process, ergonomics can contribute at a number of levels and its 
remit might fall across different departments. Unless there are good interdepartmental 
communication channels, user information might remain locked in one department. 
2.5.3.7 Perceived Usefulness of Information 
Meister and Farr (1967) cited the case of a design manager who rejected a free copy of 
Morgan et al (1963) on the grounds that it would never be consulted. The following chapter 
will show that 30 years on, many designers feel the same way about ergonomics. 
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2.5.3.8 The Role of Ergonomics in Design Specification 
The importance of the design specification in setting the agenda for the rest of the design is 
paramount (e. g. Morley and Pugh, 1987). In their 1967 paper, Meister and Farr raised 
questions about the human factors aspects of the design specification, such as function 
allocation, relative criticality of controls and displays, their sequence and frequency of use. 
Designers had not considered these factors as it was assumed that they had either been 
included with the component specification, or if they were not mentioned in the specification 
they did not exist as requirements for analysis, or had been handled by the design manager. 
Research by Elliot, Wright and Galer Flyte (1999) indicates that ergonomics is seen as a "soft 
attribute" which may be informally communicated and have a lower priority than issues 
which are easy to specify in concrete terms such as cost and performance. 
Few studies of how engineers make design decisions have been conducted (Meister (1971), 
Rogers and Armstrong (1977), Rouse and Boff (1987)). Meister, in a later paper (1989) 
summarises these findings to reveal how engineers use human factors inputs: Engineers are 
experience oriented - they tend to repeat design approaches and solutions they have 
previously found effective. Although there is nothing inherently wrong with this approach it 
does make it difficult to suggest alternatives that might improve human performance. They 
are often intuitive in their thinking, not systematically applying multiple criteria to evaluate 
design alternatives, but rather rely on their own intuition. Often they do not include 
behavioural criteria other than when it makes sense to them. Engineers get down to the nitty 
gritty aspects of hardware and software design as quickly as possible. Often there is no time 
to conduct the human factors tests that one would like before the design is set. Lastly, 
engineers often do not know where to find the information they need. This is considered 
especially true for information of a behavioural nature. 
Discussion 
This section has reviewed previous research in the use of ergonomics in design and 
engineering and clearly shown the multifaceted nature of the problem. It is not just that 
ergonomics material is inaccessible to designers; that the material is difficult to apply to 
design situations; that ergonomists are brought in too late to be effective or that the 
organisational structures impede the flow of vital consumer information to designers. It is a 
culmination of all these, exacerbated by the need to design as quickly as possible. The 
research also indicates that there is a fundamental difference in the mindset and requirements 
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of engineers and designers and ergonomists. Designers need answers to specific questions 
which ergonomists cannot always provide. 
However, where useful information is available, this should be presented in a manner which 
meets the requirements of its readers and systems provided which will help its integration in 
the later stages of design so that the whole team know the rationale behind design decisions. 
2.6 Discussion 
In terms of the development of the ergonomics decision support system, and the Internet 
based information, this Chapter has indicated the context in which they might be used, and 
provided insights into the nature of the relationship between ergonomics and design. 
Additionally, broad user requirements have started to emerge. For example, in terms of the 
design and delivery of ergonomics information to designers, this should be less textual, 
should emphasize application areas, and should be quick to access. The ergonomics decision 
support system should be targeted at the initial stage of concept design, should allow the 
specification of all potential users, be quick to use and computer based. Given the antipathy, 
and in some cases, hostility of designers and engineers to ergonomics any solution should 
show immediate benefit and not add significantly to work loads. 
2.7 Chapter Summary 
All research takes place within a context. This chapter has aligned the research to the design 
process, the development of computers to support design work, user centred design and the 
need for ergonomics to be integrated more closely with design, especially during the early 
stages. The review has, by its very nature been historical. The next chapter will examine the 
extent to which the issues identified are still prevalent within one particular design domain, 
that of automotive design. 
i' Some of the material featured in this chapter was published in Woodcock, A. and Galer Flyte, M. 
(1998), Supporting the integration of ergonomics in an engineering design environment, Tools and 
Methods for Concurrent Engineering'98,21-23rd April, Manchester, England. pp. 152-168 
"' Woodcock, A. and Galer Flyte, M. (1995), The opaque interface - The development of an on-line 
database of ergonomics information for automotive designers, HCI'95 Adjunct Proceedings, pp. 96 - 
104 
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3 Case Study and Survey of Ergonomics and 
Automotive Design'" 
3.1 Chapter Outline 
Whilst Chapter 2 considered the nature of design and the relationship of ergonomics to it, this 
chapter focuses on automotive design. The review and surveys were conducted during 1994 
to 1996 as part of a Daphne Jackson Research Fellowship project to "develop computer based 
tools to support the use of ergonomics in automotive design. " The chapter commences with a 
review of the context in which automotive design takes place, and as such it may be seen as a 
continuation of the previous chapter. It is followed by an examination of automotive design in 
one particular company, during the 1990s which is used to exemplify both the wider 
pressures on companies in this design sector, and the manner in which automotive design is 
split between different departments. From this a set of higher-level requirements emerges 
which a decision support tool should possess if it is to provide effective support for concept 
design. 
In order to ascertain more specific requirements for tools to support designers, firstly a series 
of interviews was conducted with automotive engineers and designers employed in the 
concept and pre concept stages of design in one company to reveal a picture of design process 
management and attitudes towards ergonomics; and secondly, through a postal survey of 
automotive designers and engineers in several companies. 
The conclusion of this chapter draws all three areas of work together - the review, postal 
survey and interviews - to establish user requirements of tools to support the integration of 
ergonomics in design. 
3.2 Introduction 
The previous chapter illustrated the nature of the design process, the changes which it is 
facing, and the variety of issues, which may inhibit the incorporation of ergonomics in design. 
This chapter uses automotive design as a means of exploring these issues in more depth, with 
a view to generating a set of user requirements for tools which might support the greater 
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integration of ergonomics in concept design. These user requirements shaped the first of the 
ergonomics decision support systems, ADECT (Automotive Designers' Ergonomics 
Clarification Toolset) and two web sites1 designed to investigate the utility of the Internet as 
a vehicle for information dissemination to designers. 
If automotive design is representative of design in general (at least with regard to the use of 
ergonomics), then the decision support tool should be of use and usable in other design 
domains. A process of iterative development, and a client-led specification culminated in the 
second system, DETECT (Designers' Ergonomics Clarification Toolset), which, as can be 
seen from Chapter 8, bears a strong resemblance to the first system. The relationship of the 
chapters is shown in Figure 3-1. 
In taking automotive design as an instance of design in practice, three methods2 were used to 
consider the requirements of ergonomics support tools: 
1. Literature review to provide a broad picture of issues faced by automotive manufacturers 
and to inform and contextualise the later studies; 
2. Interviews with designers and engineers in one particular company to gain insight into 
design practice and the inclusion of ergonomics; 
3. Postal survey to consider the current requirements and attitudes towards the provision of 
ergonomics information. 
The domain of automotive design was chosen because the industry can be a large consumer 
of ergonomics information. As described in Chapter 2, ergonomics can have an impact on the 
initial specification of products and can be used throughout design, implementation and 
evaluation. Most importantly it has a vital role to play in making vehicles safer, more 
comfortable, more usable, and in reducing the number and severity of traffic accidents. 
Automotive design is complex in terms of team management with many different disciplines 
and groups contributing to successful design. Not everyone who uses ergonomics information 
is an ergonomist. Indeed, there might not even be an ergonomist on the team (or in the 
company). Designers, stylists and engineers look to the discipline to provide specific input to 
1 The AMW - Automotive Manual Writers' and DIS - Driver Information Systems Web Sites 
2A confirmatory study was also conducted after a lecture and software demonstration, to verify 
whether the initial assumptions underlying the research were correct. This is reported in later Chapters. 
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design issues at different times. However, the team-based nature of design means that 
integration across different stages and disciplines is difficult. Also, the current means of 
providing information (for example, in textbooks and journals) might not be the most 
efficient or effective mode of communication. Therefore the objectives of this initial stage of 
the research were to determine; 
1. the current and future use of ergonomics in automotive design; 
2. the adequacy of the current provision of ergonomics information; 
3. the potential for computers to be used as a means of disseminating ergonomics 
information through the company. 
3.3 Automotive Design in Context 
Design, and changes to the design process are taking place in a climate of post modernism 
with intense international competition, the creation of fragmented markets populated by 
demanding, sophisticated customers and diverse yet transforming technological change 
(Clark, 1991 and Jakolski, 1992). Contributory factors in the global push towards Concurrent 
Engineering were outlined by Jaskolski (1992) and are summarised in Table 3-1. Shorter lead 
times and high investments increase the pressure for designs to be right first time whilst 
success is equated with conceiving, realising and selling affordable, satisfying products to a 
customer at a faster rate and to a higher quality than the competition. The constitution of the 
design team is viewed as a primary factor in maintaining a competitive edge. 
Table 3-1 The Pressures of Global Automotive Manufacture (adapted from Jaskolski, 1992) 
INCREASES IN DECREASES IN 
market size window of opportunity 
competition production runs 
rates of change time to respond 
customer expectations production lifecycle 
technical complexity time to prototype 
economic pressures duration of exclusivity 
risks 
costs 
innovation 
customer discernment 
over supply 
velocity of business 
investment expectations 
quality/reliability 
This is strongly related to the move from modernism to postmodernism. The effects of this at 
an organisational level are shown in Table 3-2. 
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Table 3-2: Modernist and Postmodernist Organisational Theory (after Blackler, 1994) 
MODERN ORGANISATION 
THEORY 
POSTMODERNIST 
ORGANISATION THEORY 
Organisations as machines Organisations as flux and change 
Monologue Dialogue 
Planning Improvisation 
Integration Collective learning 
Certainty Ambiguity 
Homogeneity as strength Heterogeneity as strength 
More recently a further impetus to make design effective has been the competition between 
America and Japan over the lucrative computer and automotive markets. Investment in 
Japanese design has been heavy and in order to compete, all companies have had to adapt to 
shorter lead times, greater innovation, more frequent product renewals, and market 
fragmentation and customer satisfaction philosophies. The shorter lead times have increased 
the pressure for designs to be right first time, whilst success is equated with conceiving, 
realising and selling affordable, satisfying products to a customer at a faster rate and to a 
higher quality than the competition. The constitution of the design team is viewed as a 
primary factor in maintaining a competitive edge. 
From a research perspective such transitions (see additionally 3.4.2) are extremely interesting 
but for those facing changes within the organisations, this might be both frightening and 
intimidating, where old beliefs are no longer valid (for example, the concept of a job for life). 
Design teams must adapt themselves to the changes by skilful improvisation, acting 
collectively, using knowledge which is both provisional and developing, acquiring 
information by participating in groups and developing it through experience and debate. 
Most cars are now designed and manufactured by large multinational organisations such as 
Rover, BMW, Ford, Jaguar, Fiat, with mergers and take-overs commonplace (again see 
3.4.2). Car design is, for the most part evolutionary: "Such are the legislative, operational, ergonomic 
and technical constraints that many elements of the automobile are specified in advance of the designer's doing 
anything. " Tovey (1989). 
Such transnationalism requires companies to have an integrated framework which is efficient, 
effective and can operate quickly to satisfy customer demands (Narita, 1994). Although 
global in strategy and presence, they must also be responsive to local and cultural differences 
in consumer needs and expectations. For example, at Nissan, the design team receive 
information about the local market from market researchers, consumers and engineers, which 
can be developed into requirements which shape the concept vehicle. The benefit of such a 
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structure means that a product developed by a multinational, has the weight of technological 
expertise from centres of excellence across the world, but can also be tailored to meet the 
specific needs of a local market. A prerequisite for user centred design is the early inclusion 
of users and a design based on their requirements. 
To be effective in this changing climate, companies need to capture and maintain a market 
presence by creating a competitive edge and reduce the time from design to market. In the 
case of automotive design such reductions have meant that the time from design to market has 
been reduced from 3 to 4 years to as little as 18 months. This movement towards faster 
delivery and multinationalism has been achieved in a number of ways, such as : 
Changes in organisational structure. Typically design takes place in highly structured 
organisations in which New Product Development is subdivided between specialists such 
as product planners, exterior and interior designers, package engineers, structural 
engineers, production, electrical and manufacturing systems engineers. In traditional, 
hierarchical organisations (of which automotive companies are typical) communication 
between departments has been difficult, characterised by departmental memo's and sign 
off agreements. Such an approach was slow, inefficient, costly and inflexible. 
Organisational restructuring has placed a premium on the development of flatter 
hierarchies and multidisciplinary, cross-departmental working. 
" Concurrent engineering (see Figure 3-2) may be described as the co-ordination and 
orchestration of an engineering programme in order to achieve the production of a car in 
the minimum amount of time with the aim of reducing iterative development (i. e. getting 
it right first time). Test programmes are only intended to verify vehicle performance and 
quality, and ability to meet legislative requirements. Typically, engineering analysts work 
with aesthetic designers and packaging engineers to ensure that the vehicle structure 
meets legislative requirements. The engineering analysts continue to check the design and 
steer it towards a workable solution. In this type of environment the designer co-ordinates 
the comments and redesign suggestions of the domain experts, resolves conflicts between 
domain experts, modifies the design, and sends it back out again for comment, Shenas 
and Derakhstan (1992). Although the same basic processes are undertaken (see 3.4.2 for 
more details), they now occur in parallel. 
As a management philosophy this requires the " flexible deployment of people and open exchange 
of views, concepts and ideas, irrespective or rank or creed. The design engineer is thus called upon to lead 
and integrate a multiskilled and multidisciplinary team with simultaneous viewing of both technical data and 
progress information. " Bertodo (1994), which in turn leads to a call for changes in the way in 
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which designers are educated , to ensure that they possess 
breadth of knowledge and 
understanding, are a team player, good communicator and able problem solver. 
Marketing 
Packaging 
Assembly 
Strategic 
Planning - 
7 
Basic Product 
R&D /Design 
Full-scale 
Manufacture 
Product 
Technology 
Production 
Technology 
Pilot Product- 
ion & Testing 
Figure 3-2: Concurrent or Simultaneous Engineering 
These abilities now rank above the engineering competencies of inventiveness, creativity, 
rationality and thoroughness. It is arguable whether academic institutions can provide 
such graduate entrants. Steps are at last being made to promote design skills and team 
working throughout education (see also Chapters 4 and 9). 
Improved communication and information flow ensures that modifications are incorporated at 
the earliest stages, thereby reducing the number of prototypes required. A successful 
company must foster interdepartmental and interdisciplinary collaboration (Hart, Service and 
Baker, 1989) and communication. This may not be easy as: 
1. Communication has been traditionally slow and ineffective in engineering environments. 
2. Co-ordination of the project places considerable onus on the programme manager who 
must understand the goals of the project and individual departments. 
3. Programme targets need to be clearly specified and understandable at the outset as any 
misunderstanding can lead to costly, inappropriate solutions. 
4. Politically, the Engineering Analysis Group and the Manufacturing Department may have 
been in conflict with design areas. Co-operative working requires some re-education and 
role redefinition. 
5. Fast availability of information. The Engineering Analysis Group must work directly 
beside, if not ahead of the design function, in order to model the vehicle at the earliest 
possible time (for performance prediction). 
6. Investment and commitment to new technology and the necessary infrastructure required 
to integrate different tools and techniques becomes increasingly necessary to remove 
bottlenecks and move to rapid prototyping. 
Such problems are being overcome through, for example, 
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Support for team based working, for example, "The broader the knowledge and understanding of 
individual team members, the smaller the team, the lower the realisation cost, the faster the realisation time 
and the less likely the risk of customer rejection and failure, " Bertodo, (1994). 
" Investment in effective and efficient communication infrastructure to support 
asynchronous and synchronous communication, at a local and global level. 
" The use of computer based design support systems which lead to a faster, more efficient 
and better designs and systems which integrate design cycles such as Quality Function 
Deployment (QFD) , Design for Manufacturing and Assembly (DFMA) and Taguchi 
methods 
In terms of the corporate restructuring which has been required to meet the challenges of 
more competitive markets, design departments have come under scrutiny from industrialists 
and politicians, academics and educationalists, computer scientists and psychologists with a 
view to enhancing their productivity at all levels (see Chapter2). 
3.3.1 Ergonomics in Automotive Design 
To have most impact on the design of the final product ergonomics has to be used sufficiently 
early in design to actively inform design decisions, rather than during the later stages where it 
is typically used for evaluation purposes. The research presented in this chapter indicates that 
ergonomics considerations are frequently overlooked in the light of aesthetics or engineering 
requirements. To ensure that this does not happen requires either a design team sympathetic 
to ergonomics, an `Ergonomics Champion' or a clear demonstration of the rationale for 
design decisions which have emerged through a consideration of user requirements. 
Strategies which have been employed to enhance the integration of ergonomics are discussed 
in more detail in Chapter 4, suffice it to say that this research is concerned primarily with 
providing a means of indicating the relationship of user issues to product requirements. 
Incorporating ergonomics early into the product design life-cycle has proven benefits in 
reducing problems of usage, increasing acceptance of the finished product, and increasing 
functionality (Lim et al, 1992). This is especially true in organisations characterised by heavy 
investment during design and development. With high levels of investment and long 
development time scales, failures can be catastrophic. Automotive and automotive product 
design are not exceptions to this, but examples where the cost of getting it wrong is high. 
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Until recently ergonomics has been thought of as just one of many factors which have to be 
considered by automotive design teams, fighting for it's voice alongside often conflicting 
demands (e. g. cost, ease of manufacturing, aesthetics and engineering). In order to achieve 
high standards of ergonomics in automotive design, the team may look to guidelines and 
company documents for information. The uptake of this information is patchy. Designers rely 
on their own experience (Pheasant, 1988); the ability of drivers and passengers to adapt 
themselves or the car to alleviate problems brought about by poor design; and the fact that 
appearance and styling influence purchase to a greater extent than ergonomics. 
Whilst one would expect customers to consider ergonomic criteria (such as goodness of fit 
and functionality) important when choosing products, this is not always the case, for example 
"No one goes out to buy a usable product. We buy products because they deliver something to us. Usability is 
always secondary. It is a means to an end. It is not the goal of the company either. The goal of the company is to 
survive, " Norman (2000). Good (or bad) ergonomics only becomes manifest after purchase 
(Ward, 1990). Time and effort spent in achieving ergonomic excellence is hard to justify if 
the designers themselves are unconvinced that it helps in capturing a greater share of the 
market place (as manifest in the previous quote). 
Increased competition and globalisation/regionalisation of markets means that interest in 
ergonomics is no longer restricted to vehicle packaging and anthropometry. As the emphasis 
in design is being placed increasingly on the need to identify user requirements, it should now 
be recognised that ergonomics is an important contributor to the underlying philosophy, 
rationale and techniques used to generate the initial design space (in which all potential 
designs are free to co-exist). In taking this wider definition, the contributions made by 
ergonomics can be traced through the design life-cycle (i. e. from product brief to product 
planning, through concept design, manufacturing, evaluation and on to post-sales testing, 
customer support and advertising). 
3.3.2 System Requirements for an Ergonomics Decision Support System 
Given the issues outlined in this section and Chapter 2, it would be naive to assume that, on 
its own, an ergonomics design decision tool can revolutionise the manner in which design is 
conducted, or alter the attitude of designers and engineers towards ergonomics. To be 
effective in such a climate the tool should at least: 
1. aid communication between individuals from different disciplines and breakdown the 
traditional bottlenecks; 
2. develop results quickly; 
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3. help in the generation of appropriate solutions; 
4. lead to the faster development of prototypes; 
5. facilitate access to a range of information, which may be permanently changing; 
6. provide a means of integrating issues; 
7. provide a document history which will facilitate collective learning; 
8. allow all members of the design team to contribute as equals in a non-judgemental 
atmosphere; 
9. provide ergonomics information in a suitable form. 
3.4 Automotive Design Case Study 
3.4.1 Introduction 
The previous section introduced the changes faced by designers and engineers. This section 
commences with an overview of the four main stages of engineering design identified by Pahl 
and Beitz (1977). This model still provides the foundation for the manner in which design and 
engineering is conducted in automotive companies. 
Pahl and Beitz (1977) identified four main stages of design namely, clarification of the task, 
conceptual design, embodiment design and detail design. Although this research seeks to 
influence the processes of the first two of these, the others have been included for 
completeness. This approach is characterised by a systematic, step-by-step procedure that 
ensures that the optimum design is found. 
Clarification of the Task 
This involves the collection of information about the requirements to be embodied in the 
solution and the design constraints. The product plan may originate either internally or 
externally. External stimuli might include technical and economic obsolescence of the 
company's products, the discovery of new procedures or technologies, new market 
requirements, economic and political changes and competitor superiority. Internal stimuli 
include excess capacity, drop in profitability, new discoveries by Research and Development 
and the introduction of new production methods. Where the need has arisen from an external 
client or customer, clarification and data gathering become essential, for example, to 
determine the precise nature of the problem, the implicit wishes and expectations of the target 
consumer, specific constraints, and the objectives the intended solution is expected to satisfy. 
Product planning typically involves a situation analysis and definition of company objectives 
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leading to the discovery of product ideas, product selection and product definition. This last 
stage is characterised by a specification of product features and requirements. The precise 
nature of this stage is ill defined and may blend into other stages, for example, in some cases 
only the initial need will be determined whilst in others the whole project will be managed 
through to sales. 
Conceptual Design 
Concept design commences with the specification being reformulated as a sequence of 
essential steps - this will involve broadening, reduction and refining the elements and is 
dependent on a clear and precise specification. Tovey (1989) characterised the early stages of 
automotive design as concerning: 
" the issue of the product brief by the planning group which details the complete 
specification for the intended vehicle including size, model ranges, engine sizes, target 
cost levels, features and intended launch date; 
" the issue of the mechanical or ergonomic package by the engineering group in 
consultation with the planners and design department representatives. This takes the form 
of a full size, three view layout showing the mechanical, ergonomic and legal parameters 
of the proposed vehicle; 
" review of competitive vehicles; 
0 brainstorming and discussions by those involved in the next stages regarding ways to 
approach the project; 
0 concept sketches to examine alternative aesthetic themes and establish overall trends; 
9 package related sketching during which a selection of sketches generated at the previous 
level are developed further for review by management; 
0 full sized tape drawings of the selected concept; 
" modelling. 
Critically, not all the information regarding users will have found its way into the 
specification. Information regarding the wishes, goals and characteristics of the customers 
entering the design cycle at this stage may help to clarify the form of the solution and the 
criteria against which the solution is evaluated. 
Embodiment Design 
In embodiment design, the selected concept is further developed, for example in accordance 
with technical and economic criteria to the point where subsequent detail design can lead 
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directly into production. The overall layout design (general arrangement and spatial 
compatibility), the preliminary form design (component shapes and materials) and the 
production procedure are specified. 
Embodiment design is characterised by repeated deliberation and verification guided by 
design principles of clarity (or lack of ambiguity in the design), simplicity (to guarantee 
economic feasibility and ease of production), and safety (in relation to strength, reliability, 
accident prevention and the protection of the environment). These are realised in a form that 
can be tested and evaluated against engineering principles (e. g. stability, expansion, 
relaxation, design for manufacturability and assembly). 
Checklists used at this stage include safety and traditional ergonomics (such as the human 
machine relationship, physical layout, and avoidance of unnecessary human stress or 
injurious factors). The adoption of Concurrent Engineering practices allows these issues to be 
addressed at earlier stages as user requirements. 
Detail Design 
In this stage, the arrangement, form, dimensions and surface properties of all individual parts 
are agreed, the materials specified, the technical and economic feasibility rechecked and all 
the drawings and other production documents produced. 
It is well documented that models of the design process as taught at university and detailed in 
the literature are not the ones practised by designers (e. g. Dougherty (1992); Cooper and 
Kleinschmidt (1996)). Therefore rather than presenting a series of contrasting models, the 
following section will outline the way in which automotive design was conducted in one 
company in the 1990s. 
3.4.2 The Development of Cars at Rover' 
As was argued in Section 3.3, automotive design is typified by takeovers and alliance; for 
example Ford bought Jaguar and Volvo; Daimler Benz merged with Chrysler; Renault made 
an alliance with Nissan, and General Motors bought a share in Fiat (Bannister, 2000). 
3 The material in this section has been derived from a review of articles which appeared at the time of 
writing, and an analysis of the design process at Rover @ 1992 conducted by Horn, Coventry 
University. 
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Increased size brings about stronger purchasing power and greater economies of scale. The 
cost of developing and building new models has soared in the light of demands for better 
standards and new safety and environmental legislation. Companies now have fewer basic 
structures (or platforms) which account for 70% of the cost, but can offer a wider range of 
models on each platform, for example Volkswagen offer 7 different cars on just one platform. 
However, the industry is suffering from 25% overcapacity (Maguire, Milner and Watt, 2000). 
Rover has been a victim of these trends; founded in 1906, by 1912 it offered a larger selection 
of cars than any other firm. In 1967 it merged with the Leyland Motor Company, which in 
1968 became part of the British Leyland Motor Companies. In 1988, Rover was privatised 
and then passed into the stewardship of British Aerospace before entering into an association 
with Honda in the 1990's. It was taken over by BMW in 1994, and by the spring of 2000 had 
been jettisoned. This final act has been seen as "a culmination of a decade of institutional failure, 
managerial incompetence, government inadequacy, poorly-lead unions and a naive business culture" Hutton 
(2000). 
According to Hutton (2000), the problems of Rover were exacerbated by BMW's failure to 
grasp the pertinent issues behind Rover's problems, to negotiate better investment and poor 
marketing (which affected the confidence in the future of newer models). BMW also failed 
to grasp the issues which drive British business and economy which have been described as 
"the belief that business is solely about the pursuit of profit, in which the stakeholder is sovereign and the market 
is held to be a fact of nature. Workers are essentially disposable commodities. Customers are pulp to be milched 
in the service of maximum dividends. At the heart of business success is not the time-consuming effort of 
organisation building; nurturing human capital and sustaining a brand - it is doing the big deal, " Hutton 
(2000). German management techniques could not be adopted or appreciated in the light of 
such a culture. 
Throughout the 1990s Rover was in a period of transition resulting from mergers and 
strategic alliances typical of automotive design (see Section 3.3). At the start of the research, 
Rover's association with Honda had finished and the company was entering into negotiations 
with BMW. By spring 2000, the association with BMW had concluded and the future of the 
company was in doubt with many different options being postulated including breaking up 
the company, management buy outs etc. 
Design teams have little control over the forces that shape their activity and automotive 
designers are no exception. The research started at a time when commitment to computers 
was so low that designers could not foresee a time when they would be required to use them. 
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Now, with more multinationals meetings are supported by videoconferencing, islands of 
technology are merging to provide a more streamlined and effective manufacturing process. 
In 1992, Horn conducted a study of automotive design at Rover. This is included here, as it 
illustrates the way in which the design process maps on to organisational structure and 
procedures. The manner in which design activity is segmented across the company is seen as 
contributing to some of the issues identified in Section 3, and may also serve to discourage an 
integrative, user centred approach to design. 
14 departments were identified as playing a role in the development of a car from concept to 
launch (see Figure 3-3). Again emphasis in this discussion is placed on the early stages of the 
process which are of most relevance to this research. The organisation and workflow very 
much adheres to the model of Pahl and Beitz. The early stages are bounded by Programme 
Approval by which time much of the design is 'finalised'. However, in terms of personnel, 
there is not such a clear-cut distinction as designers and engineers continue to perform 
consultative or managerial roles as required. Progression through the stages is mediated 
through Board Selection and Approval, and the releasing of 'letters' and plans, which allow 
design teams to be formed and finances released for the next stage. Although at this time 
there was some movement towards a concurrent engineering approach this was not complete 
and design was still perceived as a sequential progress. A brief description of each stage is 
included here as it provides a frame of reference for the interviews detailed in Section 3.4.3. 
Product initiation commenced in one of three ways, either from an idea generated by the 
design group out of long term interests; or more commonly, as a New Product Development 
commencing with a Strategic Review leading to the development of a product plan. This 
arises out of the prediction of future trends (economic, political, legislative, technological, 
ecological, social, demographic and consumer projections) based on information provided by 
Marketing, Industry Affairs and Legislation, Group Engineering, Business Strategy and 
Forecasting. Lucrative target groups and niche markets need to be understood for their needs 
to be targeted and formalised in the design of a new vehicle; or from a need to refresh 
existing models after 2 years of production. This is planned, standard practice occurring 
almost automatically. It is believed that a more user centred approach could be initiated at this 
stage. 
The outcome of this stage is the Product Plan which enables the newly appointed project 
manager to release a Product Identification Letter (PIL), which initiates further Product 
Investigation, this is undertaken as a series of actions across many departments. For example: 
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" the Styling Department produces 2D sketches and quarter size models based on the 
requirements specified in the Product Plan. 
the Aerodynamics Department supplies information regarding the performance of the 
designs. 
Design Stage Sign Off Point Process Key Players 
Pre Concept Corporate Plan 
Manufacturing, Marketing 
Strategic Review Finance, Legal 
Group Engineering 
Product Plan 
Concept Product Stylists, Marketing, 
Investigation Aerodynamics, Finance, 
Product Selection 
Engineering, Manufacturing 
Product Marketing, Aerodynamics, 
Feasibility Finance, Engineering, 
Programme Approval Manufacturing, Packaging 
Engineers, Purchasing 
Detail etc 
DO 
Development 
D1 Events 
Methods Build 
Advanced Build 
Product Launch 
Validation 
Figure 3-3: Automotive Design Stages (Horn, 1992) 
" the Marketing Department investigates competitor and market trends and customer 
requirements to compile a technical vehicle specification. Profitability targets, vehicle 
pricing and potential sales figures are ascertained. Detailed specifications of all existing, 
potentially competing, vehicles are collated. This results in the identification of features 
for inclusion in the new product. 
" the Manufacturing Department investigates the means by which the vehicle would be 
manufactured e. g. identification of the line, lay out of the line, investment and timing. 
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" Finance and Engineering Departments work out Synthetic Model Costs (the cost which 
the vehicle must meet if it is to meet the corporate profitability strategy), confirm 
funding, and engage in profitability analysis, cash flow, risks/opportunities and 
overheads. 
Staff engineers are designated to a particular product with expertise in certain areas. They 
identify areas of carry over from one product to another. This is important in cost 
reduction as it saves on retooling, part reliability and problem identification. 
At Product Selection, potential designs are reviewed and one particular design is approved by 
the Board which starts the Product Feasibility Testing. The Product Development Letter is 
released specifying vehicle dimensions, engine and gearbox options etc., accompanied by a 
Features List, detailing parts and assemblies which need to be carried over, costing details etc. 
During this stage packaging and feasibility engineers are responsible for; 
" taking information from these documents and the scaled up point data from the models to 
identify'hard points' which must be adhered to by the stylists and modellers. These define 
areas such as the minimum clearance over the engine, which in turn determines minimum 
bonnet height and screen angle: front and rear passenger headroom which determines the 
minimum roof height. They will also determine the hard points for the interior stylists and 
modellers and check that all legislation (current and forthcoming) is adhered to. Again 
this is a stage at which ergonomics information could be used to inform design decisions. 
Where problems do occur in the design, they inform the stylist who alters the design and 
passes the information onto the clay modellers; 
" conduct buck trials to prove various parts of the design; 
" work with the stylists to keep the engineered parts close to the original design; 
" liaise with other groups such as detailed design, heating and ventilation, trim and 
hardware, electrical, body in white, noise and vibration experts to ensure the design is in 
accordance with the package drawings; 
" initiate talks with suppliers. 
The involvement of other departments such as Aerodynamics and Manufacturing also 
continues. 
Theme Approvals are attended by the Styling Head, the Chief Engineer of Concept 
Engineering and marketing representatives. Whilst the Marketing Department continues to 
work closely with the stylists, six weekly meetings ensure that the styles are consistent with 
perceived customer taste and requirements. The last Theme Approval leads to Style 
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Ratification at which the style is considered complete and no further changes required. The 
feasibility work is also signed off, which means that the vehicle can be produced as shown by 
the model and associated package and feasibility drawings.. 
The models are then digitised, and a glass fibre model created from the clay one by Prototype 
Build. It is mounted on a rolling chassis, painted and can be used in clinics for assessment by 
members of the public alongside its main competitors and to ascertain the reactions of 
potential customers and identify problem areas. 
Once the surface information has been completed this is released (Surface Release) for the 
commencement of Detailed Engineering or Design Development. At this stage detailed 
financial and technical confidence has been achieved for the project. All information is 
passed to the Board, and if approved, funds released for production. By this stage 70% of the 
design work has been carried out and the 'A' surface (final model) has been approved by 
stylists. If there have been any changes to the design, these should have been noted, and the 
relevant documents updated. With the production of the vehicle passing on to detailed design 
engineers, suppliers and manufacturing, the early stages of design and the role of the stylists 
and feasibility engineers is over. 
The design process outlined above, is considered to be typical of that undertaken by similar 
companies and as such provides a frame of reference for the interviews and postal survey. 
Although the procedure seems to be well defined, the following section shows that Figure 3- 
3 is an idealised view. Additionally, this review indicated that both designers and engineers 
(in particular feasibility engineers) might be consumers of ergonomics information. 
3.4.3 Interview Study 
The literature review and model of the engineering design process have provided the 
background to the work and also shown the staged nature of engineering design with a 
gradual build up of commitment and complexity. Additionally the research of Blackler 
(1994), Jaskelski (1992), Bertodo (1994), and Wallace and Hales (1987) has shown the 
changing context in which design is taking place and the new competencies required of 
designers. The manner in which this is realised within an organisational setting was 
demonstrated by Pugh's Total Design model (1990), and within a particular organisational 
context by Horn (1992). In this section the early stages of the process are considered in more 
detail through the eyes of five engineers and designers working at the pre- and concept design 
stages. 
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3.4.3.1 Aims 
This investigation was conducted to determine: 
1. the attitudes towards, and usage of ergonomics material and methods; 
2. the climate in which design takes place; 
3. the usage of computers during the early stages of design4. 
These findings, together with the results of the postal survey would provide a clearer picture 
of the manner in which ergonomics is used during automotive design, and provide a set of 
user requirements to guide system development. 
3.4.3.2 Method 
Semi-structured interviews were used to elucidate the views and experiences of designers and 
engineers5 working during the concept design of new and face-lifted vehicles. The 
participants were five designers and feasibility engineers, all of whom had extensive 
experience of the early stages of automotive design, and had either an engineering or design 
background. They were selected by the project officer at the automotive company from those 
who had substantial experience of working during the concept stage either in relation to 
overall feasibility, or on just parts of the vehicle such as the interior or exterior. 
The interviews were conducted in spring 1995, prior to the introduction of teleconferencing 
or widespread introduction of computers in the organisation. The interview framework was 
based on that of Pugh (1990), an example is shown in Appendix 1.1. The postal survey (see 
Section 3.5) occurred later in the same year, and was of a similar structure. A pilot interview 
was completed with the project officer, to ensure that the questions would be comprehensible 
to the designers and engineers - no problems emerged from this. In answering questions, 
respondents were asked to consider the last project they had worked on, subject to 
° The intention of the research was to develop computer based solutions. In the early stages of the 
research it was not clear whether this would be acceptable. 
s Although the tools which are developed during the research are loosely termed `design aids', it is 
hoped that they might be useful to those engineers who are interested and responsible for insuring the 
integrity of the package. For example, project managers (who might classify themselves as engineers) 
and feasibility engineers who are responsible for ensuring that a wide population of users can fit in the 
vehicle, reach the controls and enter and exit the vehicle easily. 
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confidentiality. All interviews were taped and took place in the space of week. Following the 
session, all tapes were transcribed and the contents merged into categories to aid the 
identification of major trends. 
3.4.3.3 Results 
3.4.3.3.1 Ergonomics in Automotive Design 
Customer requirements and feedback were the responsibility of several departments and 
information about user issues did not necessarily flow through the company. For example: 
" Sales and Marketing Departments used data from surveys, experience with previous 
customers, demographic information and economic forecasting; 
" Economic Strategy Department was concerned with longer range forecasting; 
" Brand Management looked at the vehicle in the field and collated information from sales 
and customer complaints, dealer feedback, phone calls and responses. 
The designers did not have any direct input into the information gathering process. They did 
not request specific information nor necessarily receive information from consumer surveys 
unless they specifically requested it. Information they did receive was not in a form which 
could be used as it had been written for other purposes. One belief expressed was that 
designers should remain apart from external influences and this view still prevailed to a 
certain extent within the department. 
This meant that consumer/user information, that was potentially useful to designers might 
already be present in the company but was not necessarily informing vehicle design. 
Although companies acknowledge the importance of product users, they do not facilitate the 
flow of information of this type to designers, and designers themselves think that user issues 
should not unduly influence their designs. Ideally, in order to adopt a user centred approach, 
the design team should be able to request information about user and task characteristics 
before they start to make design decisions and should be made party to any useful 
information. 
One way of removing the barrier between user information and design is through the interface 
between Brand Management and the Design Department. This was purposely informal. 
Regular meetings with Brand Management and the Marketing Department ensured that the 
design was meeting their perception of user needs, company guidelines and British Standards. 
Brand Management could not usually articulate their understanding of user requirements at 
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the start of the process, so the Design Department produced initial sketches and tape 
drawings, which may form the basis of design decisions. Most of those involved in these 
meetings understood the sketches, and this form of vehicle representation however far 
removed from the final concept provided a concrete focus to the discussions, allowing people 
to indicate areas which they felt did not meet user requirements etc. Such debates occurred 
early in the life cycle and agreement between the groups was reached before the prototype 
release. 
To aid the development of vehicle concepts, the designers work to their own physical or 
virtual 'Design Bible', a paper-based representation of knowledge accrued over their career. 
For example one of the respondents, a feasibility engineer, had made it his `goal' to design all 
aspects of the vehicle (e. g. interior, exterior, front, back). The `Bible' was referred to on a 
weekly basis, was considered to be something of an `illegal document' (as it did not contain 
up-to-date information) but standard practice, and used as a first approximation to get the 
design moving. Once the design took shape, items were referred to the Legal Department for 
verification against legislative requirements. 
Ergonomics did not have formal representation in the PDS (Product Design Specification), 
however a'wish list' of items to include in the design was handed down from Marketing 
Department and was subject to negotiation e. g. the Marketing Department might have found 
that a substantial number of potential purchasers would like to have integral phones, the 
manner in which such items would be realised in the design would be considered by stylists, 
whilst other departments would consider financial implications. Whether or not an integral 
phone was included in the final design would therefore be a decision negotiated by several 
Departments. The concept design was seen as the embodiment of the ergonomics 
specification. However, it might be argued that without a formal specification the justification 
behind requirements is lost and evaluation more difficult. 
At the time of the interviews, this company did not have an Ergonomics Department 
(although one was established later) but relied on local experts (see Chapter 4) who may have 
received additional training in ergonomics or who had developed an interest and empathy 
with the approach. It was the engineers (as opposed to the stylists) who regarded themselves 
as the champions of customer requirements, ergonomics and general practicalities such as 
making sure a person can fit into the car. The engineers saw designers as focusing on style, 
visual appearance and interpretation of requirements. 
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Typical conflicts between the two groups arose over issues such as aesthetics vs. logic, design 
vs. functionality, aerodynamics vs. style. One example that was given was in relation to the 
relative position of heater and radio controls (should the heater controls take precedence over 
the radio ones, and therefore be located above them on the dashboard). Product issues were 
mostly seen as being about compromise and negotiation. 
It was believed that more sales were generated from having a'good looking car', than by 
having correct ergonomics, for example "looks overrule ergonomics, style overrules practicality". One 
example given was that the car owner wanted a car in his drive which made a statement, and 
which others would wish to purchase. Ergonomics was seen as having nothing to contribute 
to such stylistic decisions. Instead it was seen as costly, constraining creativity and its 
inclusion could not be measured in terms of increased sales. 
However, participants were quick to acknowledge that they did not know everything 
regarding ergonomics and made mistakes through unavoidable trade offs. They were 
committed to designing the most ergonomically sound car within the constraints imposed on 
them. A superordinate goal was to design a' world car', i. e. one that would sell around the 
world and be suitable for a wide variety of users. Obviously the actual group designed for 
varied from product to product e. g. some cars were tailored for the more elderly, conservative 
end of the market, whilst others were only designed for fiftieth percentile, with "some 
consideration of children and price bracket of product. " Special attention was placed on headroom, 
shoulder room, hip, elbow and foot room. One designer admitted that he designed cars for 
himself, as a first approximation to the driver user population, in order ""to create a vehicle in 
which people are happy to sit. " 
From this it may be concluded that there is an appreciation of the benefits of ergonomics 
throughout all levels of the company. Enabling discussion of user and task characteristics by 
all members of the design team was felt to be a good idea, but participants were pessimistic 
regarding the long-term effects of these. This might be because the level of concrete support 
for user centred design was low in such an engineering dominated environment. 
The views participants expressed towards the issue of pedestrian safety were typical of their 
attitudes towards product users. They acknowledged that only cursory attention was given to 
passengers. Pedestrians and other road users were considered only in relation to their 
visibility and the impression the car would make on them when they saw it on the road. 
Attitudes towards pedestrian safety were typified by comments such as, "Most pedestrian 
problems are caused through the bad behaviour of pedestrians or drivers and the design of the road layout. 
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Anything which hits you at speed is going to hurt you. If you make the car bigger to protect the pedestrian then 
the environmentalists will get you. Design is all about trade offs and the good of society in general". Pedestrian 
safety was not considered a major selling point as: 
" "people do not care once they get into the car", i. e. about other road users; 
" as they only had a small market share, even if valuable resources were expended on 
designing a pedestrian friendly car it would have no major impact on accident statistics; 
" effort had to be targeted on those areas which would reap the greatest sales; 
" legislation had to lead the way for both environmental and pedestrian issues. 
3.4.3.3.2 Design in General 
Design was seen by all respondents as a broad based activity strongly linked to other 
functions in the company as reflected in statements such as: "design (is viewed as) a broadly based 
business activity, in which specialists collaborate in the investigation of the market, the selection of a project, the 
engineering and manufacture of a product, and in the provision of user support. " 
Links between Design and other departments were seen as an intrinsic part of the project 
lifecycle, where people from different disciplines and departments are drawn almost 
automatically into the project as required. This accorded with Pugh's (1990) Total Design 
model in which design is placed at the centre of the organisation and worked in the manner 
prescribed by Hubka and Beitz (as outlined in Section 3.4). The open, sharing climate of 
multidisciplinary working was not, however, without its problems which might arise due to 
the lack of a shared language, history and culture. Although new team members were briefed 
by the project manager regarding the overall aim of the design and the rationale behind the 
decisions, this procedure was not systematic and could lead to the questioning of previously 
agreed decisions. A design history log was not maintained for ergonomics issues. 
The well-defined design process (for example, as shown in Figure 3-3) did not take place as 
thoroughly as the respondents would have liked, despite heavy and prolonged investment in 
projects. Final design solutions were felt to evolve in a climate of compromise and deadlines. 
Most notably, there was not a typical, well-structured front end to the process to the detriment 
of the final product. 
Design ideas were generated from various sources e. g. from designers themselves (these were 
usually followed through at a lower priority over several years); from clearly defined, long 
term planning strategies; or in response to market changes. In the case of facelifts, there was 
no discernible start point, the designers just `knew' when it was time to refresh an existing 
model. 
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All respondents worked to tight deadlines. These provided fewer opportunities for learning 
through trial and error, and afforded less room for innovation. More positively, the need to 
work to deadlines was felt to reduce the number of disagreements between team members. 
Such disagreements may arise due to personality clashes, political wrangling between 
organisations and the introduction of new technology which had to be accommodated whilst 
maintaining the same production rates. All members of the design team were committed to 
the overall aim of producing the best vehicle they could and kept this in mind. However, to 
survive in such an environment required team players that were "broadminded and thick skinned. " 
Whilst we would advocate open mindedness and reception to other's ideas, no system can 
help overcome these problems, unless it stresses the need for frank, open, tolerant, non- 
judgemental exchanges between groups. It is likely that discussion of user requirements might 
provide a rich battleground for such conflicts. 
At the time of the interviews there had been a move towards concurrent engineering, typified 
by the earlier, wider inclusion of different departments in design and decision making (which 
respondents were proud of, and considered to be a novel organisational feature), although the 
overall process was controlled through sign offs and staged levels of investment. This means 
that it is critical to take a user centred approach from the start of design as there is little 
chance of altering design after prototype evaluation. 
At project initiation the design team was lean, consisting of perhaps two concept designers 
and engineers. After the PIL (Product Investigation Letter), typically this expands to 
approximately twenty personnel (such as specialists in body engineering, trim and chassis) as 
product viability increases. Most of the team would be familiar to each other through previous 
projects and review panels. They were designated to the project by the Business Unit and then 
verbally briefed by the Project Manager. 
Interdepartmental liaison usually occurred through meetings over feasibility drawings, white 
boards and via telephones. Discussion proceeded at firstly informal levels, with members of 
the design team looking over each others shoulders and offering suggestions as appropriate, 
in this manner when formal meetings took place agreement could be reached faster and there 
were no "nasty surprises. " 
3.4.3.3.3 The Use of Computers 
At the time of the interviews (1994), CAD tools were being introduced to support design 
activity. However, the following points were highlighted: 
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" they were seen as restrictive and unsupportive of team working; 
" they led individual designers to become too focused on their own part of the design to 
appreciate the whole picture; 
" the plotting of full scale drawings from the CAD machines on to paper at the scale 
required was difficult; 
" tape drawings were preferred as they were not so emotive and could be altered more 
quickly. 
Islands of technology and legacy systems were prevalent. For example Quality Function 
Deployment (QFD) was used by some parts of the organisation, but those interviewed felt 
that the training was too arduous, and the process too long to deliver results when required. 
The commitment of the organisation to full computerisation was also questioned, as PC's had 
not been provided for all personnel. Attitudes towards computers were ambivalent, with one 
of the participants displaying some antagonism towards the idea that he would conduct his 
design activities aided by a computer; others were more enthusiastic and saw the efficiency 
gains that could be made with computer storage of material. 
3.4.3.3 Discussion of the Interview Study 
The interviews with the designers and engineers confirmed many of the findings of the initial 
review. The Total Design model proposed by Pugh (1990) was recognised as being one that 
was implicit in the organisational structure. The engineering method described by Pahl and 
Beitz (1984) was followed although time pressures required that stages had to be omitted. 
This gave cause for some concern especially when the front stage of the process was not well 
defined. 
From all the interviews, it emerged that design was about trade-offs and compromise and that 
the product that emerged from the process, was not necessarily the optimum, but the one that 
best fitted the requirements imposed on it by many different, sometimes conflicting factors. 
This very much accords with Gill's movement through the design solution space (see Section 
2.3). Development was guided by a strong philosophy and commitment towards generating 
the best, most ergonomically sound design possible given the constraints (e. g. time, financial) 
imposed on them. 
In terms of the design, attention was focused almost exclusively on the driver and much of 
Pheasant's (1988) comments concerning the attitudes of designers to product users were 
substantiated (see Section 2.5.3.3). Surprisingly, it was the engineers and not the designers 
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who emerged as the champions of ergonomics. This might have been an aberration of the 
sample interviewed (see Section 3.4.3.2). 
Some scepticism was expressed towards tools and methods which might support design 
activity. However, computerisation of decisions and changes made to the design was felt to 
be useful, as the logic behind decisions was hard to remember and justify at a later stage. 
Additionally, it was felt that the `Design Bible' could become a computer based, shared 
resource, although doubts were expressed about the legality of such a document, and editorial 
control. 
3.4.3.4 Conclusions 
The interview study confirmed the theoretical work undertaken in the literature reviews and 
especially demonstrated the pressure that designers are under and their need to 
counterbalance a variety of factors in producing new vehicles. The front of the design process 
had been poorly managed in many of the recent projects (e. g. one project had been initiated 
by a brief conversation in the corridor). This is surprising considering the levels of investment 
and commitment which a new project entails. 
Likewise, the integration of user issues with design activity seemed ill-defined. Designers did 
not automatically receive reports relating to possible user requirements, although they could 
have requested them if they needed them (the impression gained was that this was something 
they had never considered doing). Notably the participants were not in a position to, or indeed 
seem interested in, commissioning research about users. They relied on the Marketing 
Department to interpret user requirements. There was an overall feeling that it was necessary 
to keep the designers away from anything that might influence or interrupt their creative flow. 
Overall, there was an appreciation of the benefits of ergonomics throughout all levels of the 
company. Enabling discussion of user and task characteristics amongst the design team was 
felt to be a good idea, but participants were pessimistic regarding the tangible benefits of such 
discussions. 
Computerisation was not as advanced as had been expected. Computers were seen as 
benefiting some parts of design activity. There was clearly a need to keep formal records of 
decision making over the design life cycle and to support the development of a central 
knowledge base to which all designers could contribute (an amalgamation of individual 
`Design Bibles'). 
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3.5 Postal Survey: Ergonomics Information Requirements 
The previous section considered the manner in which design proceeded in one organisation, 
with an emphasis on the use of ergonomics in concept design. A postal survey was employed 
to gain the opinions of designers and engineers from a greater number of automotive 
companies. Whilst the interview study had focused more on determining the need for an 
ergonomics decision support tool, this study looked primarily at the current provision of 
ergonomics information. 
3.5.1 Aims 
The aims of the postal survey were to determine whether the company selected for the case 
study was representative of the automotive industry and to provide more insight into the way 
in which ergonomics was used during design, with especial reference to the utilisation of 
ergonomics information. 
3.5.2 Method 
A postal survey, featuring a self-administered questionnaire (see Appendix 1: 2) was used to 
gather data from a geographically dispersed set of potential respondents. Where possible 
named designers and engineers were identified in a variety of European automotive 
companies. The survey was sent to 120 such individuals, of which 40 were returned. 
The questionnaire itself was piloted as a semi structured interview/walkthrough with the 
project officer (who had contributed to the previous study) to ensure surface validity and 
comprehensibility. In its final version it consisted of questions relating to: 
" the background of the applicant and their involvement in recent projects; 
" access to, and availability of ergonomics information within the company; 
" predictions for the future use of ergonomics within the industry; 
" preferred methods of information presentation; 
" computer usage. 
Just under half the sample was Rover employees; the remainder equally distributed between 
Jaguar, Ford, Toyota, Fiat and Daimler-Benz. The respondents included students and 
researchers, staff engineers, managers and senior stylists. A third of the sample held the title 
of 'engineer' (e. g. staff engineer, mechanical engineer, senior engineer), whilst a fifth 
classified themselves as stylists/designers, and a quarter had risen to the role of manager. 
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Cross company comparisons based on job titles was not possible owing to a lack of 
convergence on job titles and the range of work conducted by the respondents. 
3.5.3 Results 
3.5.3.1 Characteristics of the Sample 
Most of the respondents had an engineering background, with only 10% classifying 
themselves as primarily designers, a further 15% had both engineering and design 
qualifications. The profile of the Rover employees was similar to that of the respondents from 
other companies. 
The age of the respondents varied from 18 to over 60 years. Figure 3-4 shows the length of 
time respondents had been employed in the industry. This varied from 1 year for students and 
apprentices to over 21 years for senior managers. 
Figure 3-4: Length of Time Employed in the Automotive Industry 
The industry is characterised by a project centred approach to design, with skilled individuals 
being recruited onto project teams as necessary. This trend is shown in Figure 3-5, which 
shows the length of time spent in the current position. 
% 
Figure 3-5: Length of Time in Current Position 
The profile of this is different to that of Figure 3-4 with a high proportion of respondents 
having spent under 5 years in their current post, this indicates a movement between different 
projects and confirms the earlier findings which showed that on one project a designer might 
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be responsible for interior styling, on the next, for exterior work. Design staff have 
opportunities to participate in all aspects of car design, and with different people during their 
time with the company. This lack of specialisation does mean that in the early stages of 
concept design on a new project, the designer/engineer might not, in himself, possess an 
awareness of the critical user issues which need to be considered. 
In terms of experience on recent projects: 
9 60% of the sample had experience of working on the vehicle package (both the internal 
and external environment); 
9 20% had experience of the design of discrete components such as mobile phones, in car 
entertainment, instrument panel (controls, displays); 
0 10% had been engaged on research oriented work (e. g. investigating driver support and 
information systems, safety restraints, active gas pedals); 
0 10% had been considering user issues such as acceptability, usability, comfort, visibility. 
3.5.3.2 The Use of Ergonomics 
The respondents between them possessed a wide range of experience in relation to 
ergonomics as shown in responses regarding their experience of ergonomics in relation to the 
most recent project they had worked on. Table 3-3 shows the main response groups. 
Table 3-3: Ergonomics Issues Considered in the Course of the Most Recent Project 
FOCUS SPECIFIC EXAMPLES 
Task Software specification, operational strategies 
User General ergonomics, touch, force, posture, comfort 
Tool Pedal, controls, displays, doors, switches, steering wheel, instrument panel 
Environment Whole exterior or interior, aesthetics, colour, facia 
Man-machine 
Interface 
Usability, controls, location, environment, ingress/egress, space and switch 
location 
Management Surface release, experimental design, managerial role 
Most of the respondents claimed to have considered the use of ergonomics in their last project 
whether in relation to the design of a particular object (42%) e. g. door controls, or release 
mechanism for the spare wheel, or in a more general user focused manner (58%) e. g. 
acceptance, usability and comfort. The design stages during which ergonomics was 
considered are shown in Figure 3-6. However, this was dependent on the actual design task, 
for example it is very unlikely that an electrical engineer concerned with wiring would have 
used ergonomics. 
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Figure 3-6 shows a slightly higher usage of ergonomics during concept design. This might 
reflect the population of respondents, such as feasibility engineers (who may not be 
concerned with the later evaluation stages). Other times during which ergonomics was used 
were during evaluation of prototypes, hard point prove outs and last minute changes. This 
finding is in accordance with other studies (e. g. Haslegrave and Holmes, 1994). 
" Initial specification 
Concept 
M Evaluation 
uýý 
Extent of consideration 
Figure 3-6: Design Stages Informed by Ergonomics 
A number of general issues regarding the use of ergonomics were also expressed relating to: 
0 the importance and reliance on local experts. Such experts may or may be in receipt of 
up-to-date information. Additionally, if all the information is in the expert's head (i. e. not 
written down or documented) it will be lost as a resource if the expert leaves. 
0 the participants felt that ergonomics was important to design and were concerned about 
the under funding of ergonomics within the company. The current level of support for 
ergonomics was not felt to be sufficient to meet the requirements of the Design 
Department. 
0 it was also felt that too great an emphasis was placed on individual beliefs and 
preferences which jeopardised the integrity of the design. 
" issues were being missed until production which should have been spotted at an earlier 
stage in the design. This may be the result of time pressure or not all essential elements 
being considered during discussions during concept design. 
0 general lack of ergonomics information in certain areas, such as sensation (touch, feel, 
sound). The companies did not have necessarily have sufficient standards /guidelines to 
develop the optimum vehicle. 
72% of the respondents felt that their needs for ergonomics were going to increase in the 
future. The areas which they anticipated most need are summarised in Table 3-4. 
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never once solnetuncs frequently always 
More particularly information was required in the areas indicated in Table 3-5. The perceived 
subjective nature of ergonomics essentially means that the point of view of the majority 
would normally sway the decision and that this will be affected by package, cost, styling 
wants, 
Table 3-4: Summary of Perceived Future Requirements of Ergonomics Information 
AREA EXAMPLES 
Informational needs Older drivers (changes in visual acuity, information processing), 
crash/occupant data, information on future driving environments, new 
technology /intelligent vehicles, global markets, rationalisation of 
control features, HCI, interiors - look, feel, smell, competitor assessment 
Information more specific, fewer generalisations, more data 
requirements 
Mode of presentation more information on computers, increased use of virtual reality, 
ergonomics incorporated into CAD packages, simplified means of data 
storage. 
Job related factors greater use of models, less reliance on own opinions 
job rotation, ergonomics will need to be used more widely and 
effectively, insufficient resources allocated to ergonomics, information 
required on the origin of the material used, more use of CAD and virtual 
reality, 
globalization of markets requires designers being aware of users, tasks 
and environments in other countries. 
downstream engineering, manufacturing and the eventual customer. "The vehicle is a compromise - 
nothing is absolute except when dealing with controls where everything is done to ensure safe operation". 
Table 3-5: Summary of Perceived Future Requirements for Ergonomics Data 
AREA EXAMPLES 
Anthropometry and effort standards for steering wheel, gears, door controls - strength, 
biomechanics flex, size, anthropometrics and musculo-skeletal information, smart 
manikins, physiology for comfort, seating, interior packaging and 
estimation, force, feel, displacements, ease of movement, future 
populations 
Vision deterioration with age, peripheral and binocular for secondary 
controls, reflection and glare issues 
Driver related mmi, driver response times, safety awareness and control, 
preferences/tastes varying with culture, haptic feedback, information 
processing, advance controls/logic 
Information management sound benchmark tools, reference guide for all internal components, 
design books which are written with current design philosophy in 
mind (rather than based on 1950's information), concise, usable 
tools, easy to use information system - if too hard it won't be used, 
set of rules - do's and don'ts to guide the sketching stage, up to date 
packaging guidelines, best practices, information on competitors 
packages, quick access to drawings and plans (at present have to 
unroll them), sources of further information 
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3.5.3.3 Information Sources 
Respondents gained their ergonomics information from journals, their own experience and 
information sources, colleagues, and company literature and sales brochures. The most 
frequently used were their own experience and that of their colleagues, as this was found to 
be the most reliable, fast and expedient source of information. This was acknowledged as bad 
practice even by those who admitted to doing so. 
Table 3-6: Reference Material Most Frequently Cited 
SOURCE EXAMPLES 
Journals Japanese Journal of Ergonomics, Automotive Interiors, Switch 
Strategy, Automotive Engineer, Automotive Industries, Automotive 
Interiors, General Motors, SAE 
Books Dreyfus, Pheasant, Wickens, Applied Ergonomics Handbook, Automotive 
Ergonomics, Driving Future Vehicles 
Manikins SAE j825 
CAD Wire frame, JACK, cadds 4x 
Standards International Standards and legal requirements, BS 7085, EE 
legislation, SAE, National Standards 
Guidelines World Customer Requirements (Ford), in-house guidelines, legal, 
ANSI, SAE, "common practice, common sense and practical assessment. " 
Other MIRA Abstracts, popular motor magazines, ergonomist in group, 
supplier, ISO, conferences 
National Standards and ergonomics journals such as Applied Ergonomics and Journal of 
Human Factors fared poorly. However, this information may be re-presented as company 
guidelines, design guides and sales brochures. Table 3-6 indicates the spread of material 
referenced. 
Of particular interest was the use of the standard ergonomics journals, in which most of the 
ergonomics research is located. Table 3-7 shows the frequency of consultation and the 
perceived usefulness of publications in which ergonomics articles might be found. 
Table 3-7: Usage and Perceived Usefulness of Different Sources of Ergonomics Information 
USAGE USEFULNESS 
Most 
SAE Other 
Other SAE 
Journal of Human Factors Journal of Human Factors 
Car Styling Car Styling 
Applied Ergonomics IJVD 
Ergonomics Applied Ergonomics 
IJVD Ergonomics 
Least 
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The number of respondents who consulted ergonomics journals was under 10%, and their 
opinion of the usefulness of the information poor. This confirms research cited in the 
previous chapter. Ergonomics journals did not seem to be widely available within the 
companies, or appeared on circulation lists. No one group (such as managers or switch 
engineers) appeared to use journals more than another, and referral was not dependent on 
task. The main reasons for not consulting journals included: 
" lack of availability; 
9 the benefits would not justify the time or finances expended on locating the material ; 
" the pictures and the information can be deceiving and not applicable to the current work; 
" the journals would not contain the type of information which was required; 
9 few journals have automotive information in them, and it would take too long to find 
relevant material; 
0 participants were unaware of any relevant journals; 
0 participants expressed a preference for books, rather than primary references, as the main 
points were summarised; 
9 information needed can be found in brochures; 
" information can be found from colleagues (those who have worked on similar projects, 
local experts or ergonomists); 
" in house design guidelines and legislation is sufficient for most of the tasks. 
The above points indicate that other sources of information were relied upon. These are 
shown in Table 3-8 below in which items are presented in terms of their frequency of use and 
usefulness. Items are scaled in a similar manner to that used in Figure 3-7, i. e. from most, 
down to least. 
Table 3-8: Information Sources: Frequency of Use and Usability 
FREQUENCY OF USE USEFULNESS 
most 
Own knowledge Own knowledge 
Books Marketing 
Marketing information from initial 
meetings 
ECIE European Car Information Exchange 
(diagrams of all makes of cars) 
2D manikins Manikins - these were not always the latest or 
representative of the end user population. 
They were used in conjunction with tape 
drawings 
CAD e. g. Sammie, Jack. PeopleSize was 
also used and found to be very useful. 
Books 
ECIE CAD 
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60% of the respondents felt their information needs regarding ergonomics were not currently 
met, with respondents falling into three main groups: 
1. those whose needs were met by in-house ergonomists; 
2. those who realised there was some short fall in the information, but were not worried by 
it. This attitude was typified by such statements as "don't know what I don't know" and were 
quite content to continue to work within their own knowledge level; "lot of information 
available - but don't use it effectively - still put controls out of sight and reach" ,a view expressed 
by 
those who are aware that they still make mistakes; 
3. those who realised there was a lack of ergonomics information and were concerned about 
it. For this group the main issues related to the incompleteness of databases, the lack of 
information about the data sources and the style in which the database was written. 
Databases were perceived as being written for experts rather than users, should be 
augmented by comments and case studies, and linked to real products. 
3.5.3.4 Presentational Requirements 
Earlier studies (e. g. Meister and Farr, 1967) have shown that designers have specific needs 
regarding the way in which information is presented to them. It is also hypothesized that as 
they are creative, visual thinkers they may be more sensitive to issues of poor style and 
presentation than other information users, and that their concern over these issues may detract 
from their receiving the message. If information is going to be produced for designers these 
requirements should be borne in mind, in order to increase the acceptance, usability and 
usefulness of ergonomics information. 
Respondents were asked for their opinion regarding different ways of presenting `formal' 
information. These results (summarised in Table 3-9), not surprisingly, indicated a strong 
preference for a more visual means of delivery. However, the preference for multimedia and 
virtual reality systems was not based on long-term exposure to such systems, as most 
respondents had claimed previously that they had not worked with such systems. 
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Table 3-9: Most Usable and Likeable Forms of Information Presentation 
USABLE LIKEABLE 
most 
drawings multimedia 
schematics video clips 
multimedia virtual reality 
virtual reality drawings, 
2D figures 2d figures 
video clips schematics 
tables tables 
least 
Almost 33% of the respondents admitted that the manner in which information was currently 
presented had prevented them from using it, with International Standards quoted as an 
example of bad practice. Given the importance of such information this is worrying. The most 
preferred presentation styles included web sites, windows based material, silicon graphics and 
`Microsoft Help'. The most disliked aspects of current information formats included: 
" Guidelines or books which are too large to comprehend and which you cannot get excited 
about; 
" Presentations which have been made to impress rather than inform; 
" Superfluous, poorly detailed drawings; 
" Tables which are too large, poorly formatted and contain too much information; 
0 Lack of access to source material; 
" Unspecific heuristics; 
9 Unprocessed data and poor graphs; 
" Items which did not include clear recommendations on how to apply research. 
There was a clear preference for a basic, computer based modular system such as a CD- 
ROM, which could be tailored to suit individual requirements. The preferred system should' 
"contain all known ergonomics information relating to cars which could be used to review any design" (! ) 
The perceived subjective nature of ergonomics essentially means that the point of view of the 
majority would normally sway the decision and that this will be affected by package, cost, 
styling wants, downstream engineering, manufacturing and the eventual customer. "The vehicle 
is a compromise - nothing is absolute except when dealing with controls where everything is done to ensure safe 
operation". The accurate and optimum position of vehicle continually requires access to 
accurate and appropriate information. Ergonomics departments were generally seen as being 
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under resourced and not able to support the design department and the companies did not 
have necessarily have sufficient standards /guidelines to develop the optimum vehicle. 
3.5.3.5 Computer Usage 
Most information relating to ergonomics was held on an individual basis (reflecting the 
`Design Bible" approach mentioned in Section 3.4). Some information was seen as a central 
resource, in which material was mainly stored in filing cabinets (25%), on a computer or 
resided as a book (both 15%), or in people's heads (10%). Design drawings were seen as the 
embodiment and realisation of all the ergonomics information relating to the current project. 
Over 80% of the respondents used a computer in their work. These were predominantly PCs. 
Access was either networked or shared, but nearly 80% of the respondents used computers on 
a daily basis and nearly 20% weekly. The computers were used most frequently for office 
work and administration e. g. word processing, email, finance. A second set of activities were 
more task specific and related to issues specifically related to automotive design e. g. the use 
of CAD, vehicle databases, styling packages. 
3.5.4 Discussion of the Postal Survey 
The automotive industry is and will continue to be a large consumer of ergonomics 
information. The respondents realised the importance of ergonomics and expressed concern 
that not enough provision was being made to enhance its use at all levels of the design 
process. Ergonomics was used as and when necessary, the reasons for its inclusion may not 
be documented. Personal preferences, reliance on experience and intuition were believed to 
have undue influence on design decisions. This seems to accord with the findings of the 
earlier interview study. These may be in conflict with user requirements, especially when 
designing for markets about which the designer has no knowledge. Most respondents at least 
acknowledged that ergonomics was an important feature in automotive design, although they 
may not feel that it was directly their responsibility. 
A significant amount of ergonomics activity was occurring during the initial and concept 
design stages. This together with the higher emphasis placed on the importance of 
information received from the Marketing Department might be indicative of a more user 
centred approach to automotive design 
At a personal level the designers and engineers built up personal repositories of information 
which they had accrued during their professional careers. It is probable that this information 
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was used in much the same way as the `Design Bible' referred to in Section 3.4. Such 
information would form a valuable design resource if it could be shared, integrated at a 
project level and regularly updated. 
The use of ergonomics information, especially that found in formal publications was sparse. 
Information about ergonomics, in the form of journals, was not widely available, used 
frequently, found useful or enjoyable. It was not the norm for companies to routinely 
subscribe to ergonomics journals, which would mean that the designer would have to initiate 
their own search for a piece of information. As the study was only concerned with the use of 
ergonomics information no comparison can be made with the use and presentation of 
engineering information. It is possible that this information would have been rated equally 
unfavourably. Text based presentation of information was not generally liked. These results 
confirmed the need for user centred information design which accords with current working 
practice and problem formulation. 
Although almost contemporary with the interview study, the results of this survey showed a 
much wider use and acceptance of computers and the respondents looked forward to the 
benefits which they felt would be gained by exploiting latest computer developments (such as 
CD-ROM and virtual reality systems). 
3.5.5 Conclusions Drawn from the Postal Survey 
The respondents were believed to be representative of those who used ergonomics in 
automotive design. It was also believed that they would be the potential users of tools 
developed to support the use of ergonomics. The views expressed by the respondents in the 
postal survey only differed from those interviewed in two ways; firstly with regard to the use 
of computers and secondly with regard to the extent and value of Marketing information. 
From the responses to this survey, it was hoped to establish a general topic which could form 
the basis of an information resource which would be generally useful to automotive 
designers. Clearly the range of items outlined in Table 3-5 shows that this was impossible. In 
relation to the mode of information delivery, there was a clear set of requirements relating to 
the manner in which information should be designed and also a preference for a computer 
based mechanism of delivery. 
In terms of the development of a tool to support the further integration of ergonomics in the 
early stages of design, a computer-based resource might be acceptable as most of the 
respondents accessed their machines on a daily basis. The survey also showed the range of 
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resources drawn upon during design (local experts, knowledge, popular magazines, standards 
and occasionally journals). These are used to build up repositories of knowledge which can 
be applied to different projects. In terms of supporting ergonomics in design, a project level 
decision support system would provide a means of organising relevant parts of this 
information and focusing them on the current design task. Additionally, such a system should 
also support joint work and knowledge sharing. 
3.6 Conclusions and Implications for the Design of 
Ergonomics Support Systems6 
With a future commitment to providing better quality cars based on a more rigorous 
understanding of (at least) the driving population, engineers and designers will continue to 
require ergonomics information. 
Designers and engineers work under pressure brought about by the need to increase the speed 
of delivery to market of new, high quality vehicles, for markets they might not fully 
understand. Such activities have to take place against a background of organisational 
restructuring and the introduction of new technology. 
The rise of multinational companies has also been accompanied by a move towards greater 
team working. Although none of the designers and engineers in the surveys had belonged to 
virtual teams, there is a movement in design towards this way of working. Team working 
brings together experts from different disciplines and nationalities who will have different 
viewpoints to bring to the design, and who will be co-opted on to projects as and when 
required. 
Designers and engineers need to access information from diverse sources and harness this 
information to the task in hand. If ergonomics information is to be provided it should be 
easily accessible, and written in a manner which the users will find easy to assimilate into 
their current task. Evidence has been presented in this and the previous chapter which 
indicates that ergonomics material fails to meet the requirements of many of its readers and 
that they are discouraged from using it. 
6 The findings were presented to automotive designers and engineers during the follow up study 
(presented in later Chapters of the thesis). The findings were in accordance with their experience. 
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Much of the design is conducted on the back of poorly defined initial briefs. This is a long- 
standing problem. In terms of the integration of ergonomics into the early stages of design, 
this lack of definition may mean that a more user centred, or at least user focused approach 
could be taken, which would provide designers with an opportunity to discuss user 
requirements in relation to product features and indicate areas where there knowledge is 
lacking. 
The process of decision making at least with regard to user issues, and keeping track of 
design decisions would also seem to be not as well as defined as would have been expected 
from projects having such high levels of investment. Clearly user issues are important, not 
just in terms of safety, but also in terms of usability and comfort. A considerable amount of 
information is available about users at different levels of the organisation, but again this does 
not seem to be well integrated at a project level. 
Those who participated in the research undoubtedly possessed a great deal of knowledge and 
insight into the application of ergonomics in automotive design. Many of them would be 
acting as local experts within their Departments. This informal means of knowledge 
dissemination could be supported through a system which allows designers to structure and 
develop project-based information. 
The development of tools to support the integration of ergonomics in such an environment 
required a more user centred approach which would allow the structured application of 
ergonomics principles. The system would ideally allow the pooling together of company 
resources (such as from Brand Management and Marketing), outside information (such as 
that written in journals) and designers knowledge and experience. 
It is hypothesised, from the results of the study, that two systems are needed: firstly, one 
which will deliver ergonomics information in a more timely and appropriate way to designers 
and engineers and secondly, an ergonomics decision support system which would help in the 
more rigorous consideration of user issues, emphasising those items where more information 
is required, and providing a means of logging decisions for future reference e. g. by new 
members of the design team or for evaluation purposes. 
Given the rapid computerisation of the industry, it would seem most appropriate that these 
systems were offered on computer. In terms of the delivery of ergonomics information this 
would ensure that the information could be easily updated, be provided in a more attractive 
manner, and would be widely available to the design team. The requirements for the design of 
the ergonomics decision support system are more complicated and have been grouped under 
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four main headings relating to designer needs, organisational needs, requirements relating to 
design support, and the requirements of a system to support the integration of ergonomics in 
design. 
3.6.1 Designers' Requirements 
In terms of the development of an ergonomics decision support system, neither designers nor 
engineers require a system which is going to significantly add to their design activities. The 
system should be easy to learn and to use, and should not require the users to undertake a 
lengthy training programme. It should deliver results in good time for them to be 
implemented. Also, the system should not force designers and engineers to adopt new 
working practices or to work in a prescribed manner, as this may be seen as reducing 
creativity. As designers are visual thinkers, the system should not require a lot of text entry. 
3.6.2 Organisational Needs 
The system should enhance the flow of information into design activities in an organised and 
structured manner. In terms of the overall design of the tool, the review has shown that it 
should be computer (rather than paper) based to allow easy access by all who need it and 
because a computer based system will be easier to update, maintain and will not be quite so 
liable to being lost. An additional requirement is that it should be PC based 7. The system 
should also facilitate co-operative working, as this is the manner in which more design is 
being undertaken. The final outcome of the system should be compatible with engineering 
documents used at this stage. The outcome of the tool became specified as a functionality 
matrix which could be used in a similar manner to engineering specifications. 
3.6.3 Requirements Relating to Design Support 
As a design support system, the tool should support the initial stages of the design by 
requiring designers to consider carefully the product they are developing, prior to 
commencing concept development. To this end it should be project based, and not be a 
general support system. 
7 The original intention was to develop a Mac based system, which proved to be unacceptable to the 
potential end users. 
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The clear identification of the product features, goals and the target users will reduce design 
drift and also support a clearer enunciation of the design objectives. The creation of a project 
history incorporating this type of information will reduce design drift and provide a project 
history (or archive), which new members of the team may consult. However, design is not a 
linear process, accordingly the system should support changes and backtracking, and allow 
free movement between different sections. 
If the system enables focused discussion of design ideas amongst members of a design team 
then it is likely that it will reduce misunderstandings and aid communication between 
members of different disciplines. The recording of the highlights of such discussions, and 
their implications in terms of the final design might also create opportunities for raising the 
knowledge level within the group. 
Lastly, the tool should aid in the development of a set of evaluation criteria against which 
potential solutions can be judged and facilitate rapid prototyping (in some manner), allowing 
one set of solutions to be judged against another. 
3.6.4 Requirements of a System to Support the Integration of 
Ergonomics 
The system should support the initial design and concept stages of development, as it is at this 
stage that ergonomics can have most impact. This front end of the design process is not 
presently well supported, although much information related to user issues might exist within 
the company which could be introduced at this stage. However, the system should not have an 
embedded model of the design process, as designers do not work in a prescribed manner and 
would not readily accepted a system which forced them to adopt new working methods, or 
curtailed their creativity. The system should provide designers with a structure to help them 
think about user issues in a manner which will help them to define product requirements, and 
also enable them to enter the rationale behind their decisions. 
3.7 Chapter Summary 
This Chapter commenced by considering the climate in which automotive design takes place 
prior to introducing the way in which design was conducted at Rover during the early 1990s. 
Design is not about process, it is about people. If tools are to be developed to support activity 
then one has to know the requirements of the end users. To this end a series of interviews and 
a postal survey were conducted, to discover what designers and engineers felt about the way 
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in which they undertook design, especially in relation to their consideration of ergonomics 
during the early stages of the process. 
The results from the review, interviews and postal surveys have shown that ergonomics is still 
not used as effectively as it could be in terms of the usage of information and the manner in 
which it is integrated in the wider design process. The Chapter has concluded by 
hypothesising two ways in which this might be improved: namely through the better delivery 
of information, and the development of a decision support system. Finally a set of 
requirements for these solutions was elucidated. 
The information system would provide designers with up to date, domain dependent 
information whilst the ergonomics decision support tool would help designers to structure 
information and brainstorm ideas relating to the task, user or environmental conditions before 
the concept design stage. Designers without access to such a system may continue to design 
products which suit themselves and their native environment. In today's markets this is no 
longer an appropriate strategy. 
Chapter 4 will consider other solutions that have been developed to deal with these issues, 
and consider in more detail the nature of the solutions developed as part of this research. 
"Some of the material in this chapter has appeared in Woodcock, A. and Galer Flyte, M. (1998), 
Supporting ergonomics in automotive design, International Journal of Vehicle Design, 19,4, pp. 504- 
522 
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4 Problem Definition" 
4.1 Chapter Outline 
The previous chapters have provided an overview of the design process, presented the case 
for the inclusion of ergonomics in concept design and contextualised these using the case 
study of automotive design. This chapter opens by restating the problem to be addressed and 
introduces the solutions which will be developed, before considering other strategies 
previously developed to encourage designers to use ergonomics. The chapter concludes with 
the1997/1998 study of automotive designers used to determine whether the assumptions and 
interpretations presented in these opening chapters (which form the rationale for the 
development of the on-line guidelines and ergonomics decision support system) were correct. 
4.2 Introduction 
The function of this chapter is to move the research forward from an understanding of the 
activities and problems to be addressed, to a position where realisable solutions can be 
proposed (as indicated in Figures 1-2 and 1-3, in the movement from `Understand to 
Propose'). The central position of this chapter in relation to the overall thesis is shown in 
Figure 4-1 
Chapter 2 cited studies which show the value of ergonomics in the design process and 
Chapter 3 looked at the use of ergonomics in one particular field of design, that of automotive 
design. The results from both these chapters can be used to re-assert the fact that ergonomics 
is not used effectively in the early stages of design, that this may cause problems for product 
users, and that some designers and engineers would welcome the opportunity to use 
ergonomics more effectively in their work. These findings were presented to a group of 
automotive designers and engineers, who verified that they accorded with their experience 
(see Section 4.5 for further details). 
Figure 4-1 also indicates a divergence in the thesis, with the development of two distinct 
solutions, which are considered separately in Chapters 5-8. This chapter opens with a 
statement of the research problem to be addressed and the rationale for the selection of these 
two solutions. 
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4.3 Problem Definition 
At a theoretical level, ergonomics is valued in design. The benefits of adopting a user centred 
approach to design, with a clear consideration of the user characteristics, the manner and 
place in which the product will be used and the task characteristics, are received by both the 
purchaser (or product user) and the company. For the purchaser, such rewards may be in 
terms of a more usable, safer product. For the company, rewards may be in relation to 
increases in brand loyalty, and decreases in the number of product returns and post 
production costs (Cushman and Rosenberg, 1991). 
Design practice tells a different story. Designers may frequently ignore or pay -lip service' to 
the identification of ergonomics issues and problems and the appropriate ways of dealing with them" (Porter 
and Porter, 2000). As has been shown in the previous chapters the reasons for this may be 
many, varied and understandable given the overall context in which design takes place. 
4.3.1 Selection of the Design Stage for Ergonomics Integration 
Many attempts have been made to increase the use and integration of ergonomics in various 
stages of design activity. Some of these are outlined in Section 4.4. These all contribute to 
increasing the acceptance of ergonomics (see Section 4.4.4). However, it is believed that it is 
still necessary to develop further tools and methods because: 
1. design activity may be of many forms, so a method appropriate for one situation may not 
be so for another. For example, in some cases access to users is not possible so manikins, 
dummies or computer simulations have to be used (e. g. in plotting occupant trajectories in 
automobile crashes). 
2. solutions may be targeted towards certain product domains or different stages of the 
process. For example, the use of scenarios and storyboards enhance the early stages of 
product development, USERJt is especially designed to consider assistive technology. 
3. through the development and testing of different solutions more can be learnt about the 
relationship of ergonomics to design. 
This research specifically concerns the integration of ergonomics in the early stages of 
concept design. This may be defined as the pre-concept stage of the process, at which time a 
product specification has been passed to designers, but no formal concept work has been 
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undertaken. Two factors have contributed to the selection of this as an appropriate area for 
intervention: 
1. This, and previous research shows that, important though it is, this particular part of the 
design life cycle is not well supported. 
2. To have most impact on the final design, ergonomics needs to be considered at a time 
when it can inform the development of product features, i. e. from project initiation 
through to concept design. 
The opening chapters have addressed the first two aims of the research, namely to understand 
the use of ergonomics in the design process and consider factors which might effect the use 
of ergonomics information by designers. The thesis now moves on to address the third aim 
which is to develop a means of supporting the use of ergonomics in the design process. 
4.3.2 Selection of Ways to Enhance Integration 
Given this, a starting place for development has to be an understanding of the activity which 
needs supporting, and a knowledge of the designers' requirements. The literature review, 
interview study and postal survey contributed to this understanding and led to a series of 
requirements, which have been outlined in Section 3.6. 
During concept design, the designer (or indeed the design team collectively) brings to his 
work the sum of his knowledge, experience and understanding of the essential elements 
required in the product. The extent to which this might be user centred may depend on 
corporate policy or the attitude of the designer. From the surveys it would seem that some 
designers value ergonomics, see its purpose and want to use it. Some clearly do not. Previous 
studies suggest that older designers and engineers might not consider ergonomics because it 
did not form an integral part of their training. However, experiencel would suggest that this 
is not such a simple relationship, with some undergraduate and relatively inexperienced 
designers and engineers exhibiting the same degree of antipathy towards user issues as their 
forebears. 
1 Working as a member of a design department it has been observed that both undergraduate and 
postgraduate students on design courses ignore product briefs and display little inherent interest in the 
potential users of their creations. 
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Concept design proceeds from the initial specification, if the design brief is inadequate 
inappropriate solutions may be generated. Concept design is informed by any information 
which relates to the product, the product users and competitor products. The extent to which 
this information is readily available, comprehensible and appropriate to the problem in hand 
are all likely to effect the extent to which they may be considered by the designer. If 
information, for whatever reason is believed to be unusable, it may be ignored and will not 
therefore inform concept development. 
4.3.3 Proposed Solutions 
This understanding leads to the proposal of two ways in which ergonomics might be better 
supported in concept design. 
4.3.3.1 On-line Guidelines and Internet Delivery of Ergonomics Information 
The first of these relates to improving the manner in which ergonomics information is 
disseminated to designers. If the format and delivery of source information were made more 
designer friendly, then this might lead to its greater usage in design. The Internet was selected 
as the most appropriate means of disseminating information to designers. 
At the commencement of the research (1994) the Internet was just starting to be widely used 
by academic institutions and large companies. However, few serious attempts had been made 
to deliver detailed information in this manner, although the benefits of linked text documents 
had been previously explored on HyperCard. 
HTML (HyperText Mark Up Language) and Internet based delivery offered the benefits of 
developing networks of related information (through the use of links) and a cross platform 
environment, which could be made widely/freely available to those who required it. The 
authoring language appeared easy to use and transparent allowing pages to be quickly 
generated and updated, and the site expanded by novice users. More importantly the 
environment removed the constraints imposed by paper-based delivery so much disliked by 
the end user population (i. e. designers). Documents could be produced which included 
(initially limited) colour, tables and animation when required. Information layering, achieved 
through the use of hyperlinks meant that the information designer and the users could tailor 
the amount of information received. 
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Given this, one thread of the PhD became the creation of web based ergonomics information 
in the form of dedicated sites and the evaluation of this information in a design context (see 
Chapters 5 and 7). 
4.3.3.2 Ergonomics Decision Support System 
The second proposal related to the development of an ergonomics decision support system. A 
system is proposed which is project based, user centred in approach, and allows designers to 
structure their knowledge, experience and information around user issues which are thought 
to have a critical bearing on the design itself. 
Formal ergonomics information (i. e. that found in textbooks and journals) only accounts for a 
small percentage of the information and knowledge designers' use in formulating concept 
designs. The first part of the research (4.3.3.1) looks at improving the delivery of this 
information. The second part of the research considers how information from many different 
sources (both formal and informal) might be grouped around user, task, usage and 
environmental issues to influence the development of product features. 
Section 4.4 reviews some of the ways ergonomics has been integrated in design, and reasons 
why these have not always been successful. Of these, the HUFIT PAS Toolset (see Section 
4.4.1.3.1 and Chapter 6) was used as a starting place for system development as this sought 
the greater integration of user centred design in concept design. 
As a paper based system the HUFIT PAS Toolset was believed to be repetitive and required 
commitment from designers to attend and participate in workshops and restructure their ways 
of working. Initial attempts to computerise the early stages of the Toolset had resulted in a 
Mac-based, HyperCard Demonstrator. Inspection of this Demonstrator revealed that it lacked 
the required functionality to support rapid brainstorming and was incomplete. Additionally 
the designers and engineers surveyed worked predominantly in a PC environment (Section 
3.6.2). 
The initial system, ADECT (Automotive Designers' Ergonomics Clarification Toolset) is 
outlined in Chapter 6, and the development of the more generic system (DETECT) in Chapter 
8. The evaluation of the systems focused on usability issues and the extent to which the 
systems enhanced the promotion and integration of ergonomics in early design (Chapters 7 
and 8). 
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4.3.4 Beneficiaries 
The better design and delivery of ergonomics information would clearly benefit all 
information users, especially the large percentage of whom admit to being put off reading the 
information because it is poorly presented, difficult to understand and apply to their present 
practice. 
The ergonomics decision support system would benefit those who value ergonomics but 
cannot fully integrate it into their present design practice by enabling user related issues to be 
organised and integrated into current design activity. It is also believed that those who do not 
value or understand ergonomics might benefit from the general design support features of the 
system; namely the support given for clarifying the design brief and structured brainstorming. 
The next section will consider other research relating to the integration of ergonomics in 
design. 
4.4 Enhancing the Integration of Ergonomics in Design 
As there are many different reasons preventing the use of ergonomics in design, so there are 
many different tools and methods to support its greater usage; these vary from trying to 
change underlying attitudes to ergonomics (through educational programmes), through to 
techniques to support the greater involvement of users in the design process, through to 
attempts to provide designers with information which can be readily used to support design 
activity. 
4.4.1 Design Process Support 
The design process provides many opportunities throughout its lifecycle for the use of 
ergonomics. For example, Product Initiation and Specification could be enhanced through the 
use of a more robust procedure for capturing user requirements, Concept Design could be 
facilitated through a more rigorous approach to the generation of product features from user 
requirements, and Evaluation from a more thorough and objective testing with potential 
product users. The following section presents an overview of some of the approaches that 
have been taken to supporting ergonomics in design. 
4.4.1.1 Enhancing Data Gathering Techniques 
It may seem strange that human factors specialists would be keen to help designers do, what 
appears to be, a human factors job. However, ergonomics is too important to be the 
responsibility of just ergonomists (Stewart, 1998). The development of effective tools to help 
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design teams identify ergonomics issues is one way of fostering a user-centred approach to 
design. Providing designers with useful and usable tools enables user information to be fed 
into the design, and mistakes rectified earlier. However, these tools in themselves are 
insufficient without additional support for the entire design process. The team needs to adopt 
and `own' a user centred philosophy and be able to naturally feed ergonomics information 
into the design. 
Meister (1982) called for the development of better tools to support the practitioner or the 
human factors specialist, to enable them to pinpoint obvious flaws in the design. Simpson and 
Mason (1983) identified two categories of design aids: the first are aids for designers to 
utilise existing ergonomics information; the second being concepts and techniques from 
ergonomics to aid the design process itself. 
4.4.1.1.1 Aids for Designers 
In their 1992 paper, Lim and Long reported that the uptake of human factors methods (in 
system design) might be hindered by inadequate guidance regarding the applicability of 
methods to a given part of the design life cycle. For example, in the chart presented in that 
paper, the statement of user needs could be addressed by general evaluation, task analysis and 
performance specification methods; scenario building, can be applied at different stages 
during the design process; visualisation techniques could be used to understand what people 
want from products. This paper may be taken as an example of the concern felt by many 
ergonomists that the methods they develop are not used in design practice. The application of 
such tools tasks, methods and instruments, may be seen in Table 4-1 below. This has been 
adapted from the domain of dialogue design, and as such the methods and tools column may 
be domain dependent, but the similarities between this and other design domains are evident. 
Table 4-1: Ergonomics in the Design Phases (after Haubner, 1992) 
DESIGN DESIGN ACTIVITES ERGONOMIC TASKS METHODS AND TOOLS 
PHASE 
Definition Analysis of requirements Analyse tasks and user Hierarchical description of 
groups objects and operation 
Concept 1. Planning of product - Describe user tasks and - Ergonomic guidelines for 
profiles system features assigning tasks/functions 
2. Planning of product - Design the user interface - Ergonomic design 
concept guidelines, simulation and 
prototyping, user tests 
Realisation 
Evaluation Testing Test the user interface Ergonomic laboratories 
Application 1. Sales - Demonstrate ergonomic - Lab demonstrations 
quality 
2. Usage - Gather user experiences - Field studies 
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The last eight years have witnessed many changes in the way designers use techniques 
borrowed from ergonomics and other disciplines. Designers are now not only using 
techniques such as focus groups and questionnaires but adapting them to meet their 
requirements and developing new ones, such as the Generative Toolkit (Sanders, 2000), 
which comprises a series of informal modeling tools for 2D visualisation (such as paper 
cutting and photographs), 3D components (Velcro covered forms, buttons, knobs and panels) 
and toolkits designed to elicit the expression of stories and narratives over time. With the 
development of such tools the boundaries between designer and user become blurred. 
Designers are not only developing their own tools and, more importantly using them, they are 
also documenting their usage and results in a manner that appeals to fellow designers and 
make sense to them. For example, the IDEO sponsored Methods-Lab (Aldersey Williams, 
1999), is a web-based repository of tools and techniques which have been used in design and 
the Research Training Initiative (Newbury, 2000), includes a series of case studies showing 
how research can inform design. 
The development of tools (such as rapid prototyping, scenario design and storyboards) to aid 
design teams is just one part of improving product usability. Where they remain in the hands 
of human factors practitioners they become just another fragmented stage in the design 
process. A more integrated approach is required whereby the designers themselves achieve 
mastery and understanding of the procedures and their benefits. 
4.4.1.1.2 Concepts from Ergonomics to Aid Design Activity 
The concepts which ergonomics has contributed to design are too numerous to include, 
therefore only those which have a bearing on concept design and the tools being developed as 
part of this research will be included, namely user centred design, designing for usability, 
evaluation and iterative development. The extent to which these become part of the 
underlying philosophy may be indicative of the extent to which ergonomics has become 
, seamlessly 
integrated with design. 
User Centred Design 
The concept of User Centred Design was introduced in Section 2.5.1. Taking a user centred 
approach to design means designing around the user and their requirements, as opposed to 
designing the product or system, and then expecting the user to adapt to it. As such, user 
centred design should have a central role in design activity and management. Typically three 
approaches are used: 
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" `design for users' in which data is collected from the users and applied to the design. 
Here the role of ergonomist may be two fold, as a collector of information about users, 
and secondly as an information disseminator; 
" `design by users' in which the potential product/system users (or their representatives) 
become involved in the design. The role of the ergonomist here might be to act as a 
facilitator (e. g. to ensure that all potential users are sampled; all participants in focus 
groups are heard). 
" `design with users' in which users ensure that their requirements are embodied in the 
design and play a more central role in developing and evolving design solutions. Many of 
the new design methods address this area (see previous section). Ergonomics may 
support this process by ensuring that the users are supplied with the information, methods 
and theory necessary to make informed judgements. 
Whilst there is a movement towards more imaginative and innovative work with users, 
designers may rely heavily on the `design for users' approach where they apply information 
and knowledge about users to the design in question. As it is not always possible for 
designers to work with users, the ergonomics decision support system (and the information 
delivery mechanisms) aim to encourage designers to be more rigorous in their approach to 
`design for users'. 
Designing for Usability 
Bertaggia et al (1992) define usability as "a user driven product requirement (which) appears to depend 
on a series of conditions: the physical and logical characteristics of the products; the characteristics of the users; 
the characteristics of the tasks; the impact of the physical, social and organisational surroundings (environment)". 
Quite obviously usability should be a concept designers embody in their designs. However, if 
these issues are not sufficiently articulated during the early stages of the design process, the 
end product might not be as usable as they imagine. To this end a range of tools and 
techniques have been developed to facilitate design for usability at all stages of the design 
process ranging from guidelines and standards through to prototyping techniques, user 
participation activities and the user of expert appraisers. 
In terms of this research, the underlying structure of the ergonomics decision support system 
(see Chapter 6) incorporates the factors outline by Bertaggia et al above. A more precise 
characterisation of such issues should lead to a product that more closely matches user 
requirements. 
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User Evaluation 
System or product evaluation may be conducted at any feasible stage in the design lifecycle, 
for example on design prototypes and mock-ups; with potential users, expert appraisers or 
computer simulations; in laboratories, clinics or field trials; through the use of formal or 
informal methods. The sooner in the design life cycle that evaluation occurs the more impact 
it can have on the final design. Products and systems may also be tested against a range of 
requirements (e. g. legislative, performance). Regardless of the type of evaluation being 
undertaken the results should clearly be used to enhance the final solution in an iterative 
development cycle. 
In human factors testing the evaluation centres on usability issues, such as whether the 
product is easy to use, whether it enables the user to carry out the required tasks in a manner 
acceptable to them. The criteria against which the product is measured should be established 
during concept design, and again should be derived from an understanding of user and task 
characteristics. The ergonomics decision support system should aid user evaluation through 
making the relationship of user issues to product features explicit. 
4.4.1.2 Methods to Support Design Management 
The careful analysis of design activity has led to the development of generic support tools, 
such as group calendars (e. g., Palen, 1997), decision support systems (e. g., Sauter, 1997), 
protocols for the management of group discussions to ensure equal and fair hearing of all 
voices (e. g., baton sharing) and ways of tracking and managing decisions (e. g. decision 
support systems, joint editing systems). Whilst not directly related to ergonomics, when used 
effectively, these systems ensure fairer participation for all members of the design team, a 
greater acknowledgment of different perspectives, movement downstream of critical design 
issues (e. g. design for usability, manufacturing and assembly), and a more robust means of 
tracking and evaluating decisions and activity as the design progresses. 
In engineering and design environments, ergonomics issues may not be considered as 
important as those relating to engineering and aesthetics. Also there might not be any formal 
means of encapsulating ergonomics requirements in a format which is compatible with and 
has the weight as engineering specifications. The emergence of more sophisticated design 
management systems should enable the better tracking of user requirements through the 
design process. 
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4.4.1.3 Methods to Support the Integration of Ergonomics 
The previous section considered some of the concepts that might be embodied in the design 
process, such as the need to take a user centred approach to design and to design for usability. 
This section will consider methods developed to aid designers apply these concepts in their 
work. 
4.4.1.3.1 HUFIT (Human Factors in Information Technology) PAS (Planning, Application 
and Specification) Toolset 
In the 1980s there was a technological orientation towards computer design, which proved to 
be inadequate when computers began to be used by a wider range of users (i. e. non 
programmers). Evidence showed that Information Technology products were not being used 
to their full potential. They were being ignored or rejected by users because they did not do 
what the user wanted or were difficult to understand or use. 
The HUFIT project aimed to raise the level of awareness and knowledge concerning human 
factors in IT design and to improve the quality of software by enabling the creation of 
products which would "more closely match the tasks, needs and characteristics of the users, and offer 
effective, usable and flexible user interfaces" (Galen, Harker and Ziegler 1992). It was considered 
essential that human factors knowledge should be made more readily available to designers 
either through human factors teams or directly as a normal part of the design process. 
Research by the HUFIT project showed that human factors tools and techniques were needed 
by designers with little or no human factors training which could be integrated into existing 
design processes. 
The subsequent development of the HUFIT PAS Toolset to support the initial stages (i. e. 
planning, design and quality assurance) of the design of Information Technology products 
provided design teams with a systematic approach to the investigation and recording of 
human factors issues. Not only could user needs be established early in the design process, 
but the Planning, Analysis and Specification (PAS) tools provided a coherent framework for 
bringing together the views of all departments who might have an interest in the product 
design e. g., Marketing, Planning, and Research and Development. This contributed to the 
sharing of ideas and knowledge throughout the group, increased overall awareness, 
ownership of issues, enhanced creativity and cohesiveness and also provided a dossier of 
information (i. e. the design history) which could be used by subsequent design teams. 
The HUFIT PAS Toolset has been employed successfully in the specification of IT products 
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and developed by HUSAT as a series of workshops for the teaching of human factors. It is 
still taught on courses offered by the Department of Human Sciences, Loughborough 
University. A Mac-based demonstrator was written in HyperCard as part of the original 
project, but never became fully operational, whilst those who use the paper-based format find 
it cumbersome and time consuming. This may which impede overall usability. 
4.4.1.3.2 USERfit 
In 1996 a group of researchers (from HUSAT Research Institute, UK, COO. S. S. Marche 
scrl, Italy, and SINTEF Unimed Rehab, Norway) produced "a practical handbook on user-centred 
design for Assistive Technology (AT)". This handbook (1996) provided detailed information and 
guidance on how to go through the various stages of designing an AT product. USERJt was 
modular in nature, enabling users to tailor it to their own requirements, techniques and 
methods when designing both bespoke and generic products for a range of designs where 
there is no current product specification, or where an existing product needs to be improved 
or adapted for a specific user. 
The methodology was based on that of the earlier HUFIT PAS Toolset (see previous section). 
Comprising nine summary tools to assist in the collation of design information it again 
provides a structure to assist the developer in addressing all relevant ergonomics issues. 
Although produced for AT design, its structure means that most of it is relevant and useful for 
other forms of product design. 
Even with a modular structure, clear language and worked examples, USERf t is still not the 
ideal tool for a design team. At just under 600 pages in length it can appear daunting and 
impractical to use. The tables and matrix are not easily reproduced or adaptable to a design 
team's own tools, and the method of presenting and referring back to the results is difficult. 
This apparent increase in time and effort, although beneficial to the design of the product, 
could mean that USE>t is not utilised effectively. 
Both HURT and USERfit support the structured approach required for the systematic 
consideration and application of ergonomics issues during the early stages of design. 
However, their paper-based format detracts from their usability. The ergonomics decision 
support system (detailed in Chapter 6) presents a computer-based interpretation of this 
approach, and benefits from the automatic generation of matrices from initial considerations. 
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4.4.1.3 3QFD (Quality Function Deployment) 
Contemporary with HUFIT, QFD arose as a quality management technique in Japan, in 1972. 
Originally developed in the Mitsubishi shipyard, it received extensive government backing 
and has successfully been applied to various design domains, such as product and automotive 
design (Hauser and Clausing, 1988). Its aim (Akao, 1990) is to inform the early stages of 
product development by converting consumers' demands into new design characteristics. 
QFD has most famously been responsible for the identification of three different types of 
needs (Griffin and Hauser, 1993); basic, articulated and exciting needs (see also Figure 2-9). 
Each customer need is rated according to its importance and the extent to which these are 
represented in the design evaluated through Houses of Quality. 
Although successful in Japan, the approach has not been so successful elsewhere as it is 
complicated and resource intensive (Trygg, 1993), time consuming, requires a strong 
commitment to user involvement in design (which although common in Japan, is not found to 
such a wide extent in other countries, Kalargero and Gao, 1998), may require considerable 
changes to organisational and individual working practices (Goodrich, 1994). 
Whilst QFD has became very popular in product and automotive design, at the time of the 
surveys it was not employed widely in the company featured in the case study (see Section 
3.4.3.3.3) as the respondents felt that it was slow to use and to learn, and did not deliver 
results in sufficient time. The ergonomics decision support system shares similarities with 
QFD in terms of the breakdown of user characteristics, the linkage between characteristics 
and product requirements and the generation of output in the form of a matrix. However, 
QFD requires either extensive training or the utilisation or outside experts, and is both slow 
and difficult to use. The system designed as part of this research is not intended to place such 
overheads on its users. 
4.4.1.3.4 INTUIT (Intelligent User Interface Design Tool) 
INTUIT is an example of a knowledge based CASE (Computer Assisted Software 
Engineering) tool which integrates design process (in terms of SSADM (Structured Systems 
Analysis and Design Methodology)) with human factors advice and interface style support 
connected to SSADM design objects (Russell, Pettit and Elder, 1992). 
The tool was developed from the assumption that software engineers, even had they received 
some instruction in human factors would not be able to employ this effectively in rapid 
interface development. Additionally the development team did not believe that merely 
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providing a database of such information would guarantee usage unless it was embedded in 
the development process. This was achieved through attaching human factors information 
(e. g. guidelines, design rules) to Interface Objects (such as form files and windows) and 
Interface Actions (such as selection of items and moving windows). 
Implicit in the design of INTUIT is the notion of re-use, in which a body of human factors 
knowledge may be re-used and may inform the development of many interfaces. The need to 
re-use knowledge and information can also be found in the design of the ergonomics decision 
support system and in the information delivery system. 
Whilst the idea of the provision of information on the Internet might not necessarily lead to its 
being used any more effectively in the design process, one of the reasons for selecting the 
Internet was that it could form a central repository of information which could be accessed by 
all members of a design team, it could be easily updated and would not be so prone to loss 
and defacement. In using the ergonomics decision support system the designer is required to 
draw on his own experience, knowledge and information resources and use these to inform 
design work. This is achieved through typing notes in memo fields and through the explicit 
linking of user issues with the product features they should inform. The notes and links are 
saved with the project, and so can be re-used either as a design history, or as a repository of 
product related information which the design team can add to, either during or after product 
development (where the design history might be used to enhance the speed of development 
for similar product classes). 
4.4.1.3.5 WebCADET 
WebCADET (Rodgers, Caldwell and Huxor, 2000) is an Internet based design tool, taking a 
less formal approach to the development of knowledge repositories. At the core of the system 
is a set of rule-based heuristics that can be used to inform design. The system has been 
developed to support networks of designers, who might all be working (perhaps for different 
companies) on the development of similar products. Any designer using the system is free to 
use the rules to inform their design, check the performance of their design solution against the 
rules, and add to the rule base. This line of research therefore has many similarities to 
INTUIT in terms of the need to embed the consideration of user issues in the design process 
and the re-use of that information. 
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4.4.2 Content Support 
Many of the methods outlined in Section 4.4.1 require the application of external sources of 
information. This information may take many forms such as Marketing reports, hard data, 
journal articles, guidelines and `rules-of-thumb'. Not all of which are readily comprehensible 
to the designer. This section reviews the different approaches which have been taken to 
providing ergonomics information in a manner which is more designer friendly. 
4.4.2.1 Paper Based Information Systems 
Ergonomics information is now widely available in the form of: 
9 dedicated journals such as Ergonomics, Applied Ergonomics, Ergonomics in Design, 
Human Factors; 
" non dedicated journals and conference proceedings, which for the automotive industry 
include Automotive Industries, SAE, Automotive Engineer, Car Styling; 
" books such as those authored by Pheasant (1986,1996), Dul and Weerdmeester (1993), 
Galer (1987), van Cott and Kinkade (1972), Sanders and McCormick (1992), Bailey 
(1982), Kroemer et al (1994), Bridger (1995); 
9 magazines, which for the automotive industry include `Top Gear' and `Which'; 
0 guidelines and in-house publications; 
9 standards (e. g. BS AU 143c, 199, and PP7317). 
However, there is still a reluctance by designers to use the information that is available to 
them (Porter and James, 1995). This was also confirmed by the study described in Chapter 3. 
Presenting ergonomics information in this way has received criticism, for example: 
9 Meister and Farr (1967) found that as designers are visual communicators, long passages 
of text are not the best way of communicating with them. 
" Rogers and Armstrong (1977), on the basis of a study of the use of human factors design 
standards in engineering design concluded that such standards have little effect on 
product design. They suggested that the reasons for this are varied and complex involving 
resistance on the part of designers and managers, education of human factors specialists 
and designers, the standards themselves, and interdisciplinary communication. 
" Klein and Brezovic (1986) found that designers had difficulty in extrapolating from 
published studies because they considered the information too general or considered the 
methods used irrelevant. The latter occurred when the experimental conditions differed 
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from the operational ones. Designers did not know how to take such differences into 
account, so they made only limited use of the data or rejected it. 
" Chapanis (1990) stated that "Engineers do not understand our methods, our jargon, and our findings, 
and there is no reason why they should. If our work is useful, and by useful I mean that it has design 
applicability, it is up to us to point out explicitly what that work means for the design of something. " 
He recommended (1990b) that each article should make explicit the implications of the study 
for design even if those recommendations were tentative and only held for restricted 
situations. 
" Lombaers (1990) was critical of standards in so far as they could prevent certain mistakes 
but not guarantee good design, were mostly context dependent and provided a set of 
recommendations which inhibit design. 
0 Sanders and McCormick (1992) reflected that the human factors research community 
fails to communicate adequately with people in other disciplines such as engineering, 
architecture and industrial design, and fail to present human factors data in a reasonably 
useful form. 
The research cited above clearly shows that the manner in which ergonomics information is 
communicated to designers is not adequate (see also Section 2.5.3.2). The selection of the 
Internet as a mechanism to enhance the format and delivery of the information content will be 
discussed in the following Chapter. 
4.4.2.2 Computer Based Information Systems 
The ability to store, link and present vast amounts of information in sophisticated multimedia 
systems has led to the development of databases of ergonomics information that can be easily 
updated and accessed by all designers. Examples of these include web pages such as 
TELSCAN and CD-ROM based material such as PeopleSize and virtual reality systems. 
CASHE: PVS (Computer Aided Systems Human Engineering: Performance Visualisation 
System) is a hypermedia ergonomics database with specialised visualisation tools to aid in the 
interpretation of human perceptual and performance data (Lincoln, 1995). It forms a 
comprehensive reference for system designers presenting behavioural data in a standardised, 
user friendly format, based on the Engineering Data Compendium: Human Perception and 
Performance (Lincoln and Boff, 1988) and MIL-STD 1472D, human engineering design 
criteria for military systems, equipment and facilities (a legal military standard of design 
criteria, principles and practices for human operated systems). 
CAD packages are now widely used to support concept and later stages of design. When 
linked to anthropometric databases in packages such as SAMMIE, MANNIQUIN, 
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HumanCAD Systems' MQProTM, different sized manikins can `interact` with the product or 
system being designed. This enables the rapid prototyping, verification and adjustment of 
designs prior to mock up. By using tools of this type, ergonomics information can be applied 
easily at the front end of the design process. 
Virtual reality packages, such as J. A. C. K., are used by companies for example for the interior 
ergonomics of cars, equipment lay out (e. g. Penrose et al, 1996) and occupational health 
studies (e. g. Leskinen et al, 1996). In these systems, realistically modeled 3D virtual humans 
can be used in the design of vehicles and workspace layouts to eliminate expensive prototype 
errors, by testing for optimum position of features, ensuring safety, reachability, visibility and 
usability. 
4.4.3 Design Culture 
This section focuses on the wider context of design and the attempts being made to make it 
more sympathetic towards ergonomics. 
4.4.3.1 Education and Training 
Developing tools, methods and publicising material may gain in-roads in aiding the 
integration of ergonomics material in design environments but the underlying attitudes of 
engineers and organisations towards ergonomics also need to be addressed. The solution to 
this is seen as lying with education (e. g. Woodcock and Galer Flyte, 1998; Woodcock, Galer 
Flyte and Denton, 1999; Denton and Woodcock, 1999) because "barriers of language and 
philosophy to be overcome between ergonomists and non-ergonomists before ergonomic considerations can 
feature predominantly in design projects", Brown (1985). If designers' knowledge controls the 
generation of ideas and this is based on past experience, (Stauffer, Ullman, and Dietterich, 
1987), then the earlier designers gain experience of user centred design the better. 
At the moment future engineering designers, during the course of their education, often 
receive an introduction to ergonomics although exactly what is taught, how it is taught and 
who it is taught by, varies from one degree programme and institution to another. For 
example, at one university postgraduate engineering design students might attend a module 
on Ergonomics and Product Design, with other ergonomics related modules also available to 
them, and they have the option to conduct an ergonomics related project; other courses might 
only offer individual lectures delivered by guest lecturers, those with a formal training in 
ergonomics or an interest in the subject. Likewise the material covered include: 
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0 anthropometry i. e. the shapes, sizes, strengths etc. of people and'knobs and dials' i. e. 
recommendations about the types, forms, operating conditions for controls and displays. 
In this approach the engineering designer is introduced to sources of ergonomics 
information or data such as that found in Pheasant (1996), Bailey (1982) or Sanders and 
McCormick (1992) and urged to refer to these during design. This encourages the use of 
ergonomics information but breeds a view that ergonomics is only about human physical 
characteristics. There is now a recognition that this is not exactly the information required 
for the particular product or system being developed. 
" instruction in methods and tools to enable the gathering of information and evaluation of 
product ideas for themselves. To this end, design textbooks, such as Baxter (1995), 
include sections on task analysis and other ergonomics methods. Baxter states "Task 
analysis explores the interaction between the product and the person who uses it by observation and analysis 
..... ". 
Garner (1991) has produced a book on human factors (ergonomics) specifically for 
industrial designers. 
The curriculum is moving away from providing basic facts to the delivery of tools and 
methods to enable designers to find information for themselves, and the creation of a 
willingness in them to do this, so that they know what questions to ask and how to relate user, 
task and environmental characteristics to product requirements - the basis of user centred 
design. Individual or group assignments provide further opportunities to pursue a user- 
centred design approach, taking account of the characteristics of the user(s), the tasks the 
product is to support and the environment of use. These also provide experience of the need 
to deal with compromises that will inevitably need to be made in the product development 
process. 
Evidence that engineers are not receiving the level of ergonomics information required to 
make them rounded team players can be seen from the success of vocational courses offered 
to engineers. For example automotive companies send designers and engineers to a short 
course in Vehicle Ergonomics offered by Loughborough University and Visual Ergonomics 
offered by the University of Derby. Whilst in-house training schemes have also been 
developed such as that jointly offered by BMW and Rover to provide international, 
multilingual and interdisciplinary experience for its apprentices. 
It is often only the newer members of the work force (recruited within the last decade) who 
hold a degree, for example, in engineering. Fewer still hold a degree in ergonomics. It is 
increasingly recognised that an understanding of the basic principles of ergonomics would be 
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of benefit to engineers if more account were to be taken of user centred design and the 
benefits this brings in terms of customer satisfaction with the product. 
At the end of the Vehicle Ergonomics short course at Loughborough students begin to realise 
the pervasiveness of ergonomics and change their attitudes after carrying out projects 
involving direct interaction with members of the driving public (their customers and the 
people they design the vehicles for). The students become very aware that their customers 
are not like them. They are not all fit healthy young men (only a few students have been 
women) who are interested in and know about cars. The post-module evaluation often 
reflects a realisation that ergonomics is much more relevant to their work than they originally 
expected (see also Section 4.5). 
Educational courses have also been criticised, for example: 
" Lombaers (1990) was severe in his criticism of current courses that failed to produce 
well-rounded team players. Those coming from a science background have little 
knowledge of product development, so will have trouble in understanding the 
compromising, integrative nature of the design process, whilst those looking at 
ergonomics from a design background have little knowledge of how to conduct 
experiments to obtain the information they need; 
" Shapiro (1995) stated that "The days of an industry hiring a large number of human factorstergonomics 
professionals to perform all human factors analysis, development and testing are over". Where such 
individuals are employed they also need a good knowledge of the company's product 
line. He suggested that: 
" ergonomics courses be offered to all business and technology (and engineering) 
students which would enable them to conduct human factors development and 
testing; 
" modules in ergonomics be offered to postgraduate students (e. g. in management) 
as these are the graduates who will make future corporate decisions; 
" joint degrees, for example ergonomics and manufacturing engineering, so 
graduates understand organizational context, problems faced in the workplace, 
develop a shared language and can immediately help to meet company targets. 
" The training of ergonomists and teachers of ergonomists must remain a priority in 
guaranteeing the status of ergonomics among other sciences and humanities and also how 
it is adopted by practitioners (IEA, 1997); 
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" Kuorinka (1997) called for the need for international recommendations for curricula with 
especial attention being placed on its relationship to other disciplines. 
The changes to the education of engineers and designers means that they will be increasingly 
aware of the potential to use ergonomics in their work. This enthusiasm must be maintained 
once they have completed their studies; firstly through the development of ergonomics source 
material which is not overcomplicated, is interesting and design related (as one cannot expect 
that an engineer who has attended a short course on ergonomics will have the depth of 
knowledge or understanding to read an ergonomics text book written for ergonomics 
finalists). Secondly, simple, easy to use tools need to be developed which will further 
encourage the use of ergonomics in design activity and which can be used without the 
presence of an ergonomist. 
4.4.3.2 In Industry 
Changing the perspective of a company to a user centred one cannot be undertaken lightly. 
Ludvigsen (1996) asserts the need for automotive companies to move towards user centred 
design and outlines the different areas where it can be applied. Changing the orientation and 
philosophy of organisations requires commitment, planning, enthusiasm and the redesign of 
organisational and working practices at all levels (Bainbridge, 1996). This might be aided by 
demonstrating the value of ergonomics (Cushman and Rosenberg, 1991), for example: 
" in terms of productivity improvements and cost reductions; 
" focusing on projects where a improvement in ergonomics will show the greatest potential 
for increasing corporate profits; 
9 propose specific human factors studies which will have an impact on design; 
0 the promotion of human factors experiments and tests as a vehicle for conflict resolution; 
" providing quantitative information in response to inquiries whenever possible. 
In the case study (Chapter 3), local experts had emerged who found themselves holders of 
ergonomics information, either out of interest or attendance on a vocational course. Such 
experts can enhance the profile of ergonomics, for example Product Usability Champions 
(Mrazek and Rafeld, 1992) are used in software industries to act as a usability focus for their 
team. They may not be formally trained in human factors, but can act as a conduit for the 
expert. 
Such schemes need support from higher-level management in developing an atmosphere for 
collaboration. Haslegrave and Holmes (1994) stressed the need to develop an atmosphere 
where ideas could be freely discussed. This requires discussion at the earliest opportunity in 
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the design process, a willingness to look for more than one solution, and written records of 
requests for advice and a removal of language barriers between ergonomists and engineers. 
To facilitate the latter, Sugimoto, Hori, and Ohsuga (1994) have developed a system, using 
multidimensional space, which allows designers, engineers and users to express subjective 
concepts qualitatively. 
Without long-term organisational commitment it is not possible to develop or monitor the 
effectiveness of ergonomics in design. This becomes especially important given the 
widespread changes which some of the tools require (e. g. QFD). Such commitment is not 
always possible owing to the long lead times, the confidentiality surrounding product 
development and release, and the difficulty of making comparisons between products which 
have and have not been informed by ergonomics. In the case of this research although the 
solutions were informed by requirements, which were derived from data gathering activities, 
they could not be developed or tested within a design environment2. 
4.4.4 The Wider Picture 
The manner in which ergonomics is used within design is not necessarily under the control of 
the ergonomist at either a project or corporate level (see also Chapter 2). The post modern era 
with its emphasis on multiple realities and stories, the rise of sophisticated consumer societies 
and advances in technology and manufacturing are all impacting on the use of ergonomics. It 
is an exciting and challenging time for ergonomists who see the barriers between professions 
being broken down with the rise of management consultants, usability engineers and experts. 
Whilst making no claims about being ergonomists themselves, these professionals apply the 
usability assessment, analysis and requirement capture techniques from many disciplines such 
as ergonomics (e. g. usability laboratories and rapid prototyping) and social psychology (e. g. 
ethnography) to shape new product development. 
Baxter (1995) suggests "By far the best way to tackle ergonomics, for most product designers is on a need to 
know basis. If you become involved in a design project which relates to a specific type of interaction with a 
product, then you start researching current knowledge of the ergonomics of that task. For most design work, 
however, sufficient insight into the person-product interaction can be gained by observing people performing the 
relevant task and, from this, deriving a first hand understanding of the issues involved. Despite being a common 
2 Proposals for greater company involvement were made, especially during the early stages of ADECT. 
Unfortunately these could never be brought to fruition. 
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sense approach [... trying out modified products with users... ] is something that designers rarely take the trouble to 
do. As a result, products suffer problems in the way they interface with users far more often than they should. " 
This view indicates both the pragmatic approach to ergonomics taken by many designers and 
a recognition of the failings of such an approach. There is now recognition that the increased 
rate of technological development has emphasised the need to take systematic account of 
human factors early in the design phase. The complexity of many new and modified systems 
means that it is often impractical or excessively costly to make changes after they are actually 
produced. Thus the initial designs of many products or systems must be as satisfactory as 
possible from a human factors point of view. In effect, increased product complexity places a 
premium on having assurance that the item under development will fulfill the human factors 
objectives of functional effectiveness and human welfare. The need for such assurances 
requires that human factors be taken into account early in the design and development process 
(Sanders and McCormick, 1992). 
Whilst this is the forefront of technological and new product development and might become 
the future norm, in the vanguard are the industries, individuals and educational courses faced 
with a legacy of lethargy and antipathy towards ergonomics. This section has considered the 
measures, which have been undertaken to remove this. 
The following section considers the attitudes towards ergonomics expressed by automotive 
designers and engineers enrolled on a vocational, week long Vehicle Ergonomics course at 
Loughborough University. 
4.5 Automotive Designers Attitudes' towards Ergonomics3 
4.5.1 Introduction 
The research presented in the opening chapters of this thesis was conducted in the mid 1990s. 
As can be seen from this chapter the relationship between ergonomics and design is changing. 
In terms of system development, it was important to ensure that the requirements on which 
This study will also be referred to in Chapters 5 and 6. It will be referred to as either the `follow-up' 
or `confirmatory' study because its purpose was to assess the validity of the conclusions drawn from 
the reviews, postal and interview studies. Chapters 5 and 6 are concerned with demonstrating whether 
the solutions in terms of Internet guidelines and the ergonomics decision support system were 
appropriate. 
102 
the on-line guidelines and ergonomics decision support system were grounded were correct 
and that the tools being developed would be appropriate for the end user population. 
Half way through this research, an opportunity arose to give a lecture to two consecutive 
cohorts (1997/1998) attending the Vehicle Ergonomics course previously mentioned. This 
provided scope to test whether the validity of the assumptions guiding the research were 
correct and whether the prototype systems were acceptable. 
4.5.2 Aims 
The aims of this investigation were twofold: 
1. to verify whether the assumptions behind the proposals for developing an ergonomics 
decision support system (ADECT) and the delivery of ergonomics guidelines using the 
Internet were correct; 
2. provide early user feedback on the usability and potential usefulness of the on-line 
guidelines and the Automotive Designers Ergonomics Clarification Toolset (ADECT) 
4.5.3 Method 
During the 1997 and 1998 Vehicle Ergonomics Short Course at Loughborough University a 
30-minute lecture was given which considered the manner in which ergonomics was used in 
the automotive industries. This consisted of a review of the material detailed in Chapters 2,3 
and 4 of this thesis. The lecture culminated in a demonstration of the on-line guidelines and 
an early version of ADECT. After the lecture the participants were given a questionnaire 
(Appendix 1: 3), which they were required to complete and return to the course leader in their 
own time. The same procedure was followed for both courses (1997 and 1998). 
4.5.4 Results 
This section only considers the respondent characteristics and their attitudes towards 
ergonomics. Issues relating specifically to the on-line guidelines may be found in Chapter 5 
and for ADECT in Chapter 6, where they are discussed in terms of overall system4. 
The results from this study have been split across three chapters, because it is considered more 
appropriate to discuss them in the context of the part of the research they relate to. 
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The total number of respondents was 26 and they were predominantly male. They had chosen 
or been selected to attend the course as part of their vocational training, usually because their 
companies wished ergonomics to play a greater part in the product lifecycle. As in the earlier 
study there was no consistency in job titles across the different organisations represented in 
the sample (e. g. Fiat, Rover, Volvo, Ford). Sixteen different job titles emerged. Apart from a 
design team leader and managing director, all participants held a job with an engineering title 
e. g. product, test, principal, electrical, component, vehicle. The length of time in the present 
post is shown in Figure 4-2 below. This is consistent with the profile of those who 
participated in the postal survey. 
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Figure 4-2 Length of Time in Present Post 
The main areas of specialisation undertaken by the sample are summarised in Table 4-2. This 
shows the spread of expertise within the group, with a strong bias towards engineers who 
might not necessarily be directly involved in the early stages of the design process. 
Table 4-2 Main Occupational Domains 
COMPONENTS INTERIOR VEHICLE TESTING ENGINEERING 
Air induction Interior trim Vehicle evaluation and Starter motor testing 
systems dimensions attribute trade off and durability 
Equipment supplier Dashboards and Tractors for durability and Batteries and 
controls specific components alternators 
Design of In car entertainment Vehicle testing and testing Four wheel drive 
automotive sealing methodology transmission 
systems 
Audio and climate Navigation touch Benchmarking and company Flexible exhaust 
control development screen products coupling 
Driver Information Cab design, trim Vehicle testing for USA Diesel engine 
Systems and controls development and cold 
weather starting 
Product Design Evaluation of vehicle in Electrical distribution 
field 
Electronic controls Starter system 
j 
application 
:: 
Half admitted to little or no experience of ergonomics, three had some job related experience, 
three were self-taught and two possessed fairly high levels of experience in ergonomics. 
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Ergonomics was used in relation to forward and rearward field of view, location of controls 
with reference to recommendations, seat comfort, the evaluation and comparison of vehicles. 
This might be conducted with a human factors group, company and outside ergonomists, and 
through the use of ergonomics packages such as HumanScale and SAMMIE. 
Regarding the relative importance of ergonomics, all except one of the participants thought it 
to be important or very important (median and modal scores both 5 on a scale of 1 -5). 
Reasons given (most popular answer first) included: 
1. the need to take into account customer requirements; 
2. the need to get the concept design right at the start, later changes are too expensive; 
3. engineering decisions sometimes prevent ergonomics design; 
4. products need to be used by a wide range of people; 
5. the need to take a systems approach, where the user is an integral part of that system; 
6. ergonomics can be used to increase the market; 
7. usability. 
Additionally it was believed that ergonomics could have more impact on: 
" comfort, safety, ease of use; 
" by providing accurate data; 
" the driver vehicle interface; 
" styling; 
" setting parameters at the start of the process; 
" the education of senior management (! ) 
A third of the participants were not aware of any ways in which ergonomics was being 
promoted in their company, whilst others mentioned recruitment, attendance on the course, 
having an ergonomics sign off, formation of an ergonomics core in the company and taking 
into account customer requirements. One of the respondents felt that "sight line information" was 
all that needed to be addressed from an ergonomics perspective, and another that "legal 
compliance is the only way ergonomics will be implemented". 
4.5.5 Discussion 
The results indicate that the contribution ergonomics can make to the design is valued, 
especially in relation to the need to understand user requirements early in design. The reasons 
expressed for this were fairly typical such as increased sales and usability. Only one of the 
respondents was unconvinced about the need to consider wider user issues during design. 
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Most of the participants were able to identify areas where they needed more information. 
Both of these findings accord with the results from the postal survey and interview study. 
4.5.6 Conclusions 
The participants in this study were drawn from a similar population to those who contributed 
to the earlier studies, although they might have had less experience at working in the concept 
stages of design. From the responses (and informal comments after the lecture) it was clear 
that the assumptions underlying the development of the on-line guidelines and the 
ergonomics decision support systems were valid, and that there was still a need to support 
ergonomics in automotive design. 
To be most effective, courses of this nature should be backed up by support for working 
methods, to enable designers and engineers to continue to learn about human factors from the 
users themselves, and other information sources. This knowledge can then be encapsulated in 
designs and process documentation through the explicit statement of which potential user 
groups and issues relating to them have been considered. 
4.6 Conclusions and Wider Context 
This Chapter has demonstrated the variety of ways in which ergonomics has become 
integrated in design. Taken as a whole they represent a range of strategies developed by 
ergonomists, computer scientists and designers themselves; they may focus on the underlying 
philosophy taken to design or on one small part of the activity; they may require 
organisational restructuring or require high levels of computer literacy of designers. 
Evidence presented in these opening Chapters has illustrated that even these solutions may 
not guarantee the efficient and effective use of ergonomics in the early stages of the design 
lifecycle. For this reason two additional solutions have been proposed; firstly the provision of 
ergonomics material in the form of on-line guidelines delivered via the Internet, and secondly 
an ergonomics decision support system to aid the integration of available information and 
knowledge a design team might have regarding potential user issues, in a manner which can 
lead to the development of product features which meet those requirements. 
Before discussing the development of these in more detail in the following chapters it is 
worth considering the overall context in which the research has taken place as this has 
influenced the nature of the solutions and the manner of their evaluation. 
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With regard to the development of computer based solutions, two trends have been important; 
firstly the expansion and acceptance in the use of computers to support design related 
activities; secondly the increased usability of the Internet as a means of disseminating 
information to multi-platform, distributed workers. 
At one level this rise in computer use has been technology led, but at another it has been 
greatly informed by the study of the ways people undertake work related activities and the 
willingness of organisations to adopt computer technology. Of especial interest to this 
research are the fields of Computer Supported Co-operative Working (CSCW) and Design 
Research, not only because the ergonomics decision support system is an instance of the use 
of computers to support individual and team working in the field of design endeavour, but 
also because the evaluation methodologies used are those typically found in Design Research. 
Design Research seeks to understand the nature of the design process in order to enhance it 
either through the development of design aids or through innovations in practice. Research 
interests include the manner in which patterns of discourse may be documented (e. g., 
Mazijoglou, Scrivener and Valkenburg), the effects of product requirement specification on 
subsequent design activity (Liang, 1999) and problems in the management of international 
design projects (e. g., Woodcock, Lee and Scrivener, 2000). 
In studying the use of the Internet based guidelines and the ergonomics decision support 
system, it would seem appropriate to adopt, where appropriate, the methodologies which have 
been employed in design research. Quantitative assessments (i. e. questionnaires) reveal issues 
in the usability of the systems but qualitative analysis (e. g. focus groups and breakdown 
analysis) may help to establish the way in which ergonomics is used during the design 
process, provide an opportunity to analyse information used by the design team and provide 
more insight into the nature of usability problems (Woodcock and Scrivener, 1998). These 
insights might then indicate the reasons why previous attempts at supporting the process have 
not always been successful. 
4.6.1 Relationship to Previous Investigations 
Earlier in this chapter the potential problems associated with integrating ergonomics in design 
were delineated and the methods proposed by previous investigators outlined. It is believed 
that there can be no one solution, but a guerrilla attack on the problem at many fronts might 
one day deliver a greater use of ergonomics in design. 
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The proposals here represent a continuation of this former work. Firstly the development of 
on-line guidelines must be seen as part of the process of breaking down the barriers to 
usability created by paper based formats and the primacy of academic journals and textbooks 
as the only accredited means of delivering information. The Internet empowers the 
information generator to display information in a manner that best suits the information or 
data and the requirements of the intended readership. These issues, and the manner in which 
the guidelines were developed are detailed in the following chapter. 
Secondly, the ergonomics decision support system is a direct descendant of the initial stages 
of the HUFIT PAS Toolset. The translation of the system on to computer allows for much of 
the repetitive form filling to be replaced, and a user matrix is generated automatically, which 
incorporates much of the initial work (by the designers) on user characteristics and product 
functionality. 
4.7 Chapter Summary 
This Chapter has defined more rigorously the scope of the research and introduced the two 
solutions developed to enhance the promotion of ergonomics in concept design. These have 
been presented as part of the continuum of research in this particular field and specifically 
address the need to enhance the promotion of ergonomics in concept design. It is also 
believed that the study, development and use of these tools may lead to a greater 
understanding of the manner in which ergonomics criteria may influence concept design. The 
underlying assumptions leading to the proposed solutions have been shown to be valid 
through a further study of automotive designers and engineers. This Chapter has also 
indicated the wider influences of the research in terms of the development of computer 
systems to assist design activity and introduced the type of research methodology to be 
employed in the evaluation. The next two chapters focus in more detail on the design and 
implementation of the on-line guidelines (Chapter 5) and the ergonomics decision support 
system (Chapter 6). 
" Material in this chapter has been published previously in Woodcock and Galer Flyte (1998, op cit. ) in 
Woodcock, A. Galer Flyte, M. D. and Denton H. (1999), Globalisation and technological change- 
opportunities for pro-action and integration, Proceedings of the Symposium " Strengths and 
Weaknesses, Threats and Opportunities of Ergonomics in front of 2000" International Ergonomics 
Association (IEA) and the Hellenic Ergonomics Society (HES). Santorini, 1-2 September 1999 ed., 
Nicolas Marmaras, pp. 59 -74. 
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5 Development of the Information Resource' 
5.1 Chapter Outline 
The previous chapters have considered the issues surrounding the promotion of ergonomics 
in early design, and postulated two computer based solutions. This, and the following chapter, 
focus on the realisation of these solutions and present further support for the validity of the 
underlying assumptions (introduced in Chapter 3). Initial usability results are also presented. ' 
This Chapter relates exclusively to the use of the Internet/World Wide Web (WWW) as a 
means of disseminating information, in particular ergonomics information. The affordances 
offered by computer based (and especially Internet based) information delivery are 
highlighted in contrast to paper-based formats and will continue to form a dominant theme in 
the thesis. The research is further contextualised through an historical overview of the growth 
of the Internet that justifies the initial belief in its potential for delivering multimedia 
information to a worldwide audience. 
In order to determine whether on-line guidelines and Internet delivery were an effective 
means of disseminating ergonomics information, two web sites were developed relating to 
authorship of automotive owners' manuals (AMW) and the design of driver information 
systems (DIS). The DIS site was also used as experimental material to examine the wider use 
of web based material in design (in Chapter 7). Contemporaneous with the development of 
these was a wider understanding of the usability issues needing to be addressed when 
designing material for the web. These issues guided the development of sites. 
The results of the usability studies on these information resources are also included. This is 
firstly, because the assessment of the automotive manual writing site fed iteratively into the 
development of the second site; secondly because the usability studies can, to a certain extent 
be seen as discrete events; and thirdly, in terms of the argumentation of the thesis, it is 
' The manner in which the systems are used in a design context is presented in Chapter 7, along with 
details regarding participant characteristics. The following chapter adopts a similar approach. 
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important to demonstrate that the software was usable, prior to addressing the manner in 
which the design sessions were conducted. 
In its concluding sections, the chapter addresses the original assumptions behind this part of 
the research, i. e. whether information presented in this manner is more useful and usable to 
designers than its paper based equivalent; delineates the additional problems incurred in 
creating and presenting information in this form; and speculates on the potential issues that 
widespread dissemination of information over the web might have for information users (a 
theme which is addressed in more detail in Chapter 7). 
5.2 Introduction: Statement of the Particular Issue to be 
Addressed and the Proposed Solution 
Figure 5-1 shows the relationship of this chapter to the rest of the thesis, showing that it is 
drawing on the earlier information gathering stages (Chapters 2,3 and 4), and has led to the 
creation of two web sites. 
Previous research has demonstrated that ergonomics information when presented in a paper- 
based format (e. g. book, journal article, set of guidelines) is not used effectively by those who 
might benefit from its application in the context of their day-to-day work. It is hypothesized 
that part of the reason for this could lay in the manner the information is presented. Paper 
based formats tend to be lengthy, rely heavily on the use of tables, require a high level of 
literacy in the target audience, are difficult to navigate and update, and are frequently 
misplaced. Basically, they do not meet the requirements of their end users, and frequently do 
not even meet the requirements of the information providers who are often straightjacketed 
by regulations regarding presentation style which may not suit the nature of the material, the 
preferences of the author (e. g. page length, number and style of graphics specified to ensure 
submissions conformance to in-house style), or aid the reader in their comprehension of the 
material. 
The use of the Internet as a means of creating, disseminating and displaying information is an 
attractive option, and would seem to remove many problems for example: 
" less restrictions are imposed on the author e. g. in terms of length, graphics; 
" the material is easier to update, i. e. addenda do not have to be circulated, or delays 
incurred waiting for the next edition; 
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" the material is less likely to become lost if it is held on a server and can be downloaded as 
required; 
0 information is easier to disseminate amongst potential users; 
0 information can be presented in a manner attractive to the reader; 
0 information can be layered (through the judicious use of links) so that the user is not 
presented with more information than they require. 
Additionally, as the web becomes more transparent, people can concentrate on the 
information, rather than how they locate it, and feed back their own experiences and 
knowledge to the information providers through emails and discussion groups. 
Other electronic means of information delivery such as CD-ROM were considered. However, 
making incremental changes to such material is costly, as a new CD-ROM would have to be 
made every time a change was made to the information. This is not an attractive option for 
users. A web site can be updated easily, with no extra cost incurred for the end user. 
Therefore, it was proposed that the WWW could be a better means of disseminating 
ergonomics information to designers, who have been shown to be averse to reading textbooks 
and guidelines. 
5.2.1 Guidelines for the Web 
To test the hypothesis that the presentation of ergonomics information as on-line guidelines 
would be preferable to designers, necessitated the creation of on-line material. Within the 
time-scale it was not possible to research and develop material which would be valuable to 
automotive designers. Rather, existing sources were considered, for which copyright 
clearance would not be required, which could be rewritten as HTML documents and which 
would be of practical use by designers. The type of information selected was that of 
guidelines. 
Mosier and Smith (1986) pointed out that before a guideline can be applied, the user must 
first read and understand it. This requires that guidelines must be designed to provide the 
information clearly and concisely, because the manner in which a guideline is read will 
influence the way it is used. It is vital to ensure the guideline is worded correctly so the 
meaning is clearly understood by the user. The trend in the development of web based 
information has been to move away from long monographs, to present information in a more 
comprehensible style, through, for example, the use of bullet points. 
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Additionally guidelines can be used in a number of ways, they can be read cover-to-cover, 
sections at a time, or one guideline may be referred to on its own. Consequently it is 
important to consider all of these possible types of use when designing a set of guidelines. 
Browsing through large paper based volumes for a certain piece of information is off-putting 
to many users, presenting information on the web would allow users to dip into the 
information they required, and through the use of links find related guidelines 
A growing body of student work existed in the Department of Human Sciences, 
Loughborough University, relating to guideline design and usage, which highlighted issues 
with guideline development and set out to produce exemplary material. For example: 
" "Most guidelines are only good at identifying problems and not at offering solutions. Examples of good 
guideline usage go some way to rectify this problem, but examples cannot cover every instance" Tait 
(1995). 
" if guidelines are too general they will be rarely used, yet they should not be too specific 
either, otherwise they will not be able to be applied in a meaningful or helpful way to the 
current situation. 
" most guidelines have exceptions, whilst simple qualifications will help the reader 
understand and apply the guideline, it is not possible to foresee every situation and 
exception - indeed the application of a guideline is very likely to be dependent on the 
specific situation. Consequently, a certain amount of knowledge and understanding is 
required from the user if guidelines are to be used successfully. 
" the addition of many qualifications to cover every situation will result in an originally 
simple guideline becoming excessively complex. Very often there are no general 
answers to problems, many issues are very specific to the context and situation which 
they apply; 
" guidelines are also virtually impossible to write for future technologies, so they need to 
be updated regularly to ensure the methods and ideas they are promoting are still valid. 
This research was used to link into and further develop expertise in the field of guideline 
development. Student projects (referred to in the following sections) were therefore used to 
create more user friendly and useful guidelines for the authors of automotive owners' 
manuals (AMW), and these were then translated to web based material to form the first of the 
sites (section 5.5.1). The rationale behind this was that if designers worked on computers to 
create automotive owners' manuals (or concept designs), it would appear more satisfactory to 
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give them information on the computer as which could be accessed when needed, by 
delivering that information to their desktop'. 
5.3 The Internet as a Tool for Information Dissemination 
At this juncture, a brief history of the Internet is included. From Figure 5-2 it can be seen that 
in 1994, when the research was first proposed, the Internet was well established. Although 
not yet commercialised, its range and uses were being expanded and its potential to fulfill and 
create new needs was being recognised by research communities. 
5.3.1 Historical Overview of the Development of the Internet 
"The Internet is at once a world -wide broadcasting capability, a mechanism for 
information dissemination, and a medium for collaboration and interaction between 
individuals and their computers without regard for geographic location" 
(Leiner et al, 2000) 
The Internet of today will become the `National (Global or Galactic) Information 
Infrastructure'. It has been shaped, and will continue to be shaped by technical, technological, 
organizational and community issues, which increasingly place a premium on human factors. 
The notion was first postulated in a series of memos (Licklider and Clark, 1962) addressing 
the idea of a `Galactic Network' in which a set of globally interconnected computers would 
allow everyone to quickly access data and programs from any site. 
In the 1960's, work conducted at DARPA (Defense Advanced Research Projects Agency) in 
collaboration with other centres (e. g. RAND, UCLA, NPL) culminated in the first computer 
network of four host computers, ARPAnet (1969). ARPAnet was commissioned so that early 
mainframes of universities, research centres, defence contractors, and the military could share 
resources and applications. Research addressed not just the underlying network and 
technologies, which would enable interoperability, but also how the system would be used. In 
1972, the first form of electronic mail was introduced to allow easy co-ordination within the 
group (see Figure 5-2 below). 
2A similar rationale was used in the development of ADECT, namely if the designer is considering 
concept design at his desk top, it might be useful to provide links to the information on the web, and 
also a means of structuring this information in a Toolset which would enable him/her to keep track of 
those ideas. 
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The original ARPANET grew into the Internet based on the idea that there would be multiple 
independent networks of arbitrary design which would need to link to other networks through 
a meta-level `Internetworking Architecture'. In such an open architecture network, each 
individual network can be tailored to meet the specification of its users, with few limitations 
on the types of networks or their geographic constraints. The widespread development of 
LANS (Local Area Networks), PCs and workstations in the 1980s allowed the nascent 
Internet to flourish, and the community met the increasingly sophisticated, technological 
challenges required of it to become an international network (e. g. in terms of developing 
protocols for host names, routers and ways of modifying the software). 
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Figure 5-2: History of the Internet 
' The term `surfing the Internet' was first used by Jean Armour Polly in 1992. 
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By 1985, the Internet (though not in the form we know it today) already supported a broad 
community of researchers and developers and was starting to be used by other communities 
for daily computer communications. Electronic mail was used across several different 
communities, on different systems. This interconnectability demonstrated the utility of broad 
based electronic communication. Developers within the community, from different agencies 
and countries worked towards creating infrastructure, policy and strategies (such as 
interoperability), which would ensure continued growth among this and other communities. 
Commercialisation began in the 1980's when many vendors started to incorporate TCP/IP 
(Transmission Control Protocol/Interet Protocol) into their products, and started to 
understand its implications for application development. 
Movement towards a more friendly system commenced with the development of the `Friendly 
User Interface' as a gopher released by Lindner and McCahill. Its main features were a text 
based, menu driven interface to access Internet resources, which removed the need to 
remember streams of alphanumerics and complex computer commands. In 1991, the WWW 
(World Wide Web), a multimedia branch of the Internet, was released by Tim Berners-Lee, at 
the CERN Physics Laboratory. Using the cursor movement arrows on a keyboard, users could 
employ Lynx to locate documents and make hyper jumps between them. This was shortly 
followed, in 1993, by the development of Mosaic at the NCSC (the National Centre for Super 
Computing), University of Illinois - the first graphical user interface for the WWW. 
The Internet has changed during the 20 years of its life. It was conceived during the era of 
time-sharing, and has adapted into the era of PCs, client-server and peer-to-peer computing. It 
was created to support file sharing, remote log in and collaboration and has created electronic 
mail and more recently the WWW. It will continue to change and evolve as new applications 
and technologies are developed e. g. Internet telephone and television. Hypertext was first 
postulated in the 1940s, in principle it could encompass the sum of all human knowledge, 
complete with indexes and cross references. Its popularity is in part due to the way in which it 
enables individuals to navigate their own paths through the information jungle and to 
contribute ideas to a global audience, on equal footing with some of the most powerful 
organisations in the world. It is widely available, interactive and multimedia in nature. It is in 
effect a global hypertext system. 
The late 1990s has witnessed a swing away from vendors offering networking products to 
offering networking services. This has been accelerated by the widespread introduction and 
adoption of browsers and WWW technology, allowing users easy access to information 
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linked throughout the globe. Products are available to help develop and provide increasingly 
sophisticated information services on top of the basic Internet data communications. 
In terms of trends in web usage (see Figure 5-2 ), it is estimated by the Computer Industry 
Almanac (1999) that there will be 717 million Internet users worldwide by the end of 2005, 
with USA having 230 million, Western Europe 202 million. By 2001 Africa, South America 
and the Middle East will still only make up 3% of the total Internet use worldwide (Carlsbad, 
1999a). However, by 2002 Internet users will be predominantly non - English speaking 
(Carlsbad, 1999). The number of English speaking Internet users is set to rise by 60% in this 
period, but the number of non-English speaking users, by 150% (especially in Asia Pacific 
and Latin America). 
Uses of the web include communication, entertainment, information gathering and 
dissemination, with email outnumbering regular post by a ratio of 10 to 1 (Henley Centre, 
1999). A recent US study (NPD, 1999) has shown that 2 out of 3 children with access to a PC 
at home used it for schoolwork for about an hour a night. Half of this time was spent 
searching for information for assignments, with a success rate of around 65%. 88% of 
children used their PCs to access special research and reports, 85% as a reference source, 
54% for educational software and 50% for their nightly homework. Such figures are typical 
of the `hype' and enthusiasm surrounding the Internet and technology providers. These 
figures are examples of the many showing that the Internet will become a major global 
influence. 
These should be viewed as a snapshot of the forecasts at the time of writing this thesis. There 
is no means of confirming or denying the accuracy of the forecasts. However, it is widely 
believed that information technology has and will continue to exert a considerable impact on 
work and leisure activities. For example, the Henley Centre in the UK (1999) predict the 
Internet will have as a big an impact on peoples lives as the development of factory 
processing in the Industrial Revolution and multimedia has been heralded as the technology 
of the future (Gunasakeran and Love, 1999), allowing users to share, communicate and 
process information in a variety of forms (e. g. text, voice, graphics, animation, video). 
The rest of this chapter focuses on the utility of the Internet for the creation and dissemination 
of ergonomics information in the form of guidelines for use by designers. Further results from 
the Confirmatory Study (introduced in Section 4.5) will be used to demonstrate that the 
assumptions behind the research were sound. The discussion addresses whether, in 1997, the 
Internet did live up to its potential. Clearly, the forecasts outlined above, if not this research, 
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show this to be a good idea. The discussion also addresses issues raised by the production of 
the web pages, introduces the larger study (concerning the way in which (ergonomics) 
information displayed on the web is actually used in a design context) and hypothesizes why 
the results were not as favourable as expected. 
5.4 Usability Issues which Guided Development 
Many books are now available providing guidance for would-be HTML authors, such as 
Neilsen (2000), Spool (1997), Del Galdo and Neilsen (1996) and the on-line usability forum 
of Neilsen, at usability. com. Recommendations on web design have been conflicting for 
example the use of white space vs. pages densely packed full of information (Spool, 1997), 
frames or no frames (Neilsen). This section summarises the usability issues considered during 
the construction of the sites. 
5.4.1 Information Structure 
In terms of the design of the information, the following guidelines were used: 
0 the entry point to a site is, normally, the home page. This sets the tone for the rest of the 
site, and sets users expectations regarding the quality, content and style of the information 
they subsequently encounter. It should allow users to easily locate the information they 
are seeking by providing appropriate links to send them in the right direction. Users 
should be clear about who the site is aimed at, when and by whom it was created and 
updated. 
" top level documents should be short, simple and to the point, where background 
information is available, such as that contained in other documents, this should be cited 
with appropriate links. All the documents created for these sites were fairly simple in 
construction (i. e. did not contain large images) they did not take long to load. 
" large documents were broken down into subsections. This was straightforward as the 
guidelines had initially been constructed with user friendliness and navigation in mind. 
"a recommendation (which was not followed) was that documents should be available in 
either PostScript or Acrobat format for downloading and printing. Naively, it was 
assumed that users would neither need nor want to print out documents which were on 
the screen (in fact, this was a strange oversight as the author, and all her acquaintances 
are avid `printer outers' of web based information! ). Users of both web sites preferred 
hard copy. 
" all pages were provided with meaningful titles to provide additional information about 
content. 
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" the underlying context was included so that users who stumbled across them whilst 
surfing the net could assess the validity, reliability and applicability of the information. 
5.4.1.1 Links 
Both the sites contained links to other information. In the first site, on guidelines for authors 
of car owners' manuals, the links were internal (i. e. to other pages on the site). Checks were 
made to ensure that users could link back to the page they had jumped from (without using 
the `back' menu option, which is not used by inexperienced web users), and that all links 
followed the colour conventions used in the Internet. It was initially thought that the links 
should be colour coded to adhere to the colour scheme used in the pages, this was abandoned 
as bad practice, which unnecessarily broke Internet conventions. 
There was little chance of users getting lost in the small experimental sites created. The 
Driver Information Systems site did contain links to other `potentially useful' sites. These 
were regularly tested during the period when the experiment was running to ensure they were 
still operational. A short description of the type of information present on the site was 
included with a note of any potential problems that might arise in using it (e. g. slow download 
time, domain of legislation). 
5.4.2 Use of Images 
One of the reasons for choosing an Internet based form of delivery was that multimedia could 
be incorporated relatively easily into the site. The utility of images for displaying and 
explaining information, concepts and principles has been noted by many authors (e. g. Larkin 
and Simon, 1987). In terms of their use for the display of ergonomics information via the 
Internet, they can: 
" convey a lot of information succinctly, in a straightforward manner; 
" portray a lot of information which it is difficult to express in words; 
" break up dry text and create visual excitement; 
" be easy to create and include in documents; 
" be used as selectable areas to simplify the user interface. 
However, in creating graphics for web pages the following had to be borne in mind: 
browser response time is slowed down when large, complex images are downloaded. This 
severely affects perceived usability of the page, especially if the image once loaded 
proves to be gratuitous. At the time of the research, some browsers did not display 
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documents until they had the complete content and some lacked the facility to display 
images at all. 
" users can disable the automatic image display as a preference to speed up response time, 
so they will not benefit from any images included. 
" monitor differences may mean that both layout and images will appear substantially 
different on different machines. 
" the creation of images for computer display is not easy and the Internet imposed 
unforeseen additional restrictions (e. g. in terms of the amount of colours which could be 
displayed, and the type/size of image which could be used). 
" at the beginning of the research web page design was in its infancy, and for those without 
training in information design, attractive sites, which do not detract from the information 
content, were hard to create using the limited resources offered by HTML. Designing 
information for use by designers is especially problematic as style may be considered as 
important as content. 
The production of high quality figures for the web pages was severely restricted at the time 
by the lack of available software to support image creation (Paintshop Pro was used), the 
added restrictions imposed on images for the Internet (e. g. format and reduction in the 
number of colours which could be displayed) and copyright issues which meant images could 
not be scanned in and incorporated onto web pages destined for the public domain. Even had 
large, colourful images been produced it is doubtful whether the browsers could have 
displayed them in a usable fashion. Similarly, multimedia was not an option. 
Given the sophistication of the web pages today (2000) with their reliance on digital images, 
animation and in some cases video clips, one can only reflect on how fast technology has 
moved to the position believed possible in 1997. However, just having the ability to create 
images is not an end in itself. The analysis reported in Chapter 7, shows would-be 
information seekers motionless in front of screens, waiting minutes for an image to load, 
which may be totally redundant to the task in hand. 
Fortunately the images required were not highly complex in the first of the web sites (relating 
to technical writing). In the second site, relating to Driver Information Systems, simple 
images were scanned into documents using a hand held scanner. This site, only used for 
experimental purposes, never entered the public domain. 
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As far as possible the web pages were made to look consistent, co-ordinated and attractive by 
limited use of colour on buttons and bullet points. Although much time was spent (wasted) 
experimenting and designing different backgrounds, buttons and flyers, these were 
fortunately abandoned as detracting from the text and the seriousness of the message to be 
portrayed. With the advancement of knowledge in web design it is now possible to download 
templates to create a consistent, pleasant appearance. One of these was used to a limited 
extent in the creation of the second site (see Section 5.5.3). 
5.5 Guidelines for Automotive Manual Writers 
The lack of ergonomics knowledge among those who write manuals had previously been 
noted in the development of a set of guidelines for technical writers. Evans (1995) showed 
that authors of automotive owners' manuals knew little about the potential users of the 
handbooks or the conditions under which were to be used. 
Table 5-1 Structure of the Guidelines for Authors of Automotive Owners' Manuals 
SECTION CONTENT 
Readers' 
requirements 
issues closely related to the user, and includes guidelines on analysing user 
expertise and showing courtesy to the casual user 
Structure the composition and form of the handbook and emphasises the importance of 
readability. 
Language use of technical terms, foreign languages and abbreviations 
Formatting layout, diagrams, illustrations and tables within the handbook 
Grammar the correct use of punctuation and proper use of language 
Typography the use of colour and other typographical devices to attract users' attention. 
She adapted existing material to create guidelines, which would provide ergonomics 
information to the writers of car owners' handbooks, who do not necessarily possess the 
required level of knowledge or skill in ergonomics. 
The guidelines themselves were split into six sections (as shown in Table 5-1) starting with 
the "Readers' Requirements" and "Structure" sections, which require authors to think about 
who the users will be and under what conditions the handbooks will be used. The guidelines 
provided examples of good and bad practice in relation to the task of writing an automotive 
owners' manual, with citations to the ergonomics literature where appropriate. 
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5.5.1 Creating the Automotive Manual Writers Web Site 
This paper-based document, consisting of over 50 pages, was converted into a Word 6.0 
document and was hand coded into HTML. At this time, the creation of HTML code was not 
an automatic process. An extract of the coding is provided in Figure 5-3. 
In order to facilitate this coding, page templates were created to standardise layout, the use of 
colour and spacing (to identify pages as belonging to a particular section). Care was also 
taken to ensure each guideline had a consistent structure, which would aid the user in finding 
and contextualising information more easily. 
<H2><A NAME="basic principles"><IMG SRC="images/lbinkbl. gif'ALIGN=texttop 
HSPACE=15>Stating basic principles</H2></A> 
<H3>Guideline</H3> 
<UL> 
<LI>User handbooks should instill a sound understanding of basic principles 
<LI>Should not concentrate on drilling in details about the vehicle 
</UL> 
<H3>Explanation</H3> 
Once the user understands the basic principles, they can identify specific functions and learn to use these by 
turning to the task-oriented reference sections of the handbook 
<H3>Example</H3> 
<1MG SRC="images/th_dn. gif' WIDTH=25 HEIGHT=19 HSPACE=15 VSPACE=10 ALIGN=Ief >If 
leaded petrol is used the catalytic coating on the ceramic lattice in the catalytic converter, it will become 
ineffective due to lead poisoning. <P><BR> 
<MG SRC="images/th up. gif' WIDTH=25 HEIGHT=19 HSPACE=15 VSPACE=10 ALIGN=left> The car 
is fitted with a catalytic converter. Do not use leaded petrol as it will cause serious damage to the catalytic 
converter. <P> 
Figure 5-3: Example of Hand-Coding of HTML 
Figure 5-4 shows the opening page with the use of white space (which at the time of the site 
creation was believed essential for readability). 
Guideline headings were brief and succinct to allow the content to be clearly understood. All 
guidelines belonging to a particular section could be identified by the use of colours (e. g. in 
the "thumbs up", and bullet points). The guideline itself was usually no more than two 
sentences long and often broken down into two separate bullet points with an explanation 
section expanding and clarifying major issues and highlighting exceptions. Illustrations of 
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good and bad implementation of the guideline were shown with a `thumbs up' or `thumbs 
down' icon indicating whether the example is correct or incorrect (see Figure 5-5). The 
qualifications and suggestions section expanded the guideline and included links to related 
subjects when appropriate. The final section provided references pointing to further 
information (this in italic, as it was not felt to be information which designers would normally 
require). 
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Figure 5-4: Title Page of Car Handbook Design Guidelines 
5.5.2 Evaluation of the Automotive Guidelines 
Although the on-line guidelines were generated as part of this research, their evaluation was 
undertaken by Balm (1997) as part of a Masters project in the Department of Human Sciences, 
Loughborough University. 
5.5.2.1 Aims 
An evaluation of paper-based guidelines undertaken by Tait (1995) indicated that technical 
authors had difficulties finding the information they required when the guidelines were 
presented in a paper-based format. Tait (1995) also produced a PC revision of the guidelines, 
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which improved the ease of use but still did not solve all of the navigational problems that the 
technical authors reported. The conversion of the guidelines into Hypertext in 1996 was an 
attempt to solve these navigational problems by using hyper-links to lead the user through the 
guidelines more easily. The aim of the research was therefore to determine whether 
presenting the guidelines as a series of web pages would enhance their usability (especially 
with regard to navigation). 
5.5.2.2 Method 
Technical authors from Ford, Jaguar and Rover evaluated the revised guidelines (Balm, 1997) 
in their paper-based and Internet formats. The actual content of the guidelines was identical 
for both formats, although some structural differences had been made when they were 
converted to HTML (e. g. colour coding, different text formats). All software was posted to 
the technical authors, along with a paper copy of the guidelines and a series of tasks (see 
Table 5-2), which they had to conduct to enable the evaluation of the different formats. The 
authors were asked to rate how difficult it was for them to perform each of the tasks. In 
addition the authors were asked to critique the content of the paper-based guidelines by 
making written comments as necessary. 
Table 5-2 Description of Tasks given to the Technical Authors 
Task 1 Find information about detail in reference sections 
Find information concerning user expertise 
Task 2 Find information about using double negatives 
Find information about using the negative form 
Find information about issuing warnings 
Task 3 Find information about using bullets 
Find information about the use of white space 
Find information about using foreign terms 
The use of the on-line guidelines required the authors to use the Internet. Unfortunately, only 
the technical authors at Ford had access to the Internet. This necessitated downloading a 
freeware Internet browser for the other technical authors. This software lacked both the 
robustness and functionality of commercial software. 
5.5.2.3 Results 
The results were based on comments from three authors, two of whom were using unreliable 
software. Most of the usability issues related to this software e. g. in terms of system crashes, 
error messages in German, lack of a search facility (find command) which hindered 
navigation through the guidelines. The performance of the software limited experimentation 
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with the guidelines, which meant that an overall model of the contents was never established. 
This was exacerbated by the omission of an overall contents page in the design of the 
guidelines. Consequently, although the designers had been enthusiastic about web-based 
material at the beginning of the trial, all the tasks were consistently rated as more difficult 
when using the electronic guidelines compared with the paper version. 
In relation to the design of the site, the authors did not like having to switch between level 
one and level two headings and would have preferred the main index (with the six sub 
sections) on the screen at all times. It was suggested that the reference pages be moved to 
one side in a margin or frame thereby retaining a full or partial view of the working file (see 
Figure 5-5). This would allow the user to understand the structure of the web site more easily, 
and that information could be permanently displayed. Only one of the authors used the `See 
also' links to find related information, the remaining authors used the section headings to 
guess where the information was located. One of the authors opened each section in turn and 
used the search command of the software. All of the authors managed to locate the 
information, but they rated it more difficult to do so than with the paper-based versions. 
In terms of overall usability of the guidelines, even though the authors used a computer every 
day, they still wanted to be able to print out particular guidelines. This had not been 
anticipated. The way in which the guidelines had been coded, meant that only sub sections 
could be printed off, not individual guidelines. Also, the freeware browser reformatted the 
information, so it appeared differently on paper to how it appeared on the screen. 
5.5.2.4 Discussion 
The difficulty in locating and then using the freeware browser severely restricted the conduct 
of the trials and the usefulness of the results. This had not been anticipated and had not arisen 
as an issue during the preliminary meetings with the technical writers. As a consequence of 
the participants not having unlimited Internet access, they also required more training on the 
use of the Internet than had been anticipated. Hampered by lack of functionality and system 
crashes the authors were not sufficiently at ease with the environment to explore the 
guidelines or the limited functionality available to them. It was therefore not possible to 
perform a statistical evaluation of the data due to both the small number of participants and 
the confounding effects introduced by the software. 
Although not the focus of this research, the second part of the study looked at issues relating 
to the content of the guidelines (which had been iteratively developed over a series of student 
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projects). The content was felt to be of a high standard. Indeed, one technical writer commented 
that "the guidelines are well researched and will make an extremely useful "bible" for any technical 
publications department". Many suggestions were offered to enhance the credibility of some of the 
examples to better illustrate individual guidelines. Such changes can only be achieved through 
participatory development and consultation with guideline developers and users, who could 
furnish examples from their experience. Iterative development of the on-line guidelines could 
have been enhanced through the provision of an associated bulletin board and user group where 
authors can share their experiences and expertise. If the ownership of the site was passed to the 
technical authors, such comments could be edited in, and a `living document' created. 
It had been suggested that one advantage of having the guidelines in electronic form would be 
that unwanted information would be hidden from the user, which would make the guidelines 
appear less daunting. Unfortunately due to the navigational problems highlighted previously, it 
was not possible to ascertain whether this improved usability. Indeed it appeared from this 
study that the electronic version was in fact harder to use, and the participants wanted to see all 
the information, not have it hidden. 
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Figure 5-5: Guidelines Illustrating Recommendations (Balm, 1997) 
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5.5.2.5 Conclusions in Terms of the Use of the Internet 
The study led to the following conclusions, not all of which were expected. Firstly, that in 
1996/7, it was very difficult to design multimedia sites for use by those outside academia; 
secondly, that the potential users of such information, although enthusiastic, lacked the 
software and skills to enable them to use the sites; thirdly, the evidence, however tentative 
suggested that paper based guidelines were still easier to use, and that given the opportunity 
users would prefer to print out the web based material; lastly some recommendations 
concerning ways in which the web site could be made more usable were outlined. 
Following this it was decided to develop a second set of on-line guidelines taking into 
account the usability recommendations which had emerged from this study. However, this 
time, more attention would be paid to the software environment (browsers, speed of access) 
and the skills of the users. This necessitated the development of a second set of guidelines, 
again focusing on automotive design, which could be used in the context of a student design 
project. Attention would be paid to both the manner in which the on-line guidelines were used 
and the way in which the wider information environment provided on the Internet would be 
used. 
5.6 Driver Information Systems Web Site 
In developing the next web site, more attention was paid to providing users with an overall 
structure. Frames were not used but a content page was included at the top of each section. 
All users of the site had access to standard, commercial browsers and had experience of the 
Internet. Animation and detailed graphics were not used as these were considered superfluous 
to content, would have slowed down page load time, thereby decreasing perceived usability. 
5.6.1 Creation of the Guidelines 
The information for the pages was adapted from a booklet produced by Southall and 
Robertson (1994). The creation of the pages involved restructuring this information and 
rewriting it in a manner more accessible to web users. An early version of HOT DOG was 
used to aid in the coding of the pages. The underlying principles, outlined in Section 5.4.1 
were still used to guide development. A co-ordinated look to the site was achieved by 
incorporating a family of items (e. g. bullet points, bars and buttons) from Jelane Johnson's 
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site. The opening page is shown in Figure 5-6. The web site formed part of the information 
resources used for a student design project (see Appendix 2.1 and Chapter 7) and contained 
links to related web based resources. 
5.6.2 Evaluation of the Driver Information Systems Web Pages 
The evaluation was conducted as part of the wider study detailed in Chapter 7. In this Section 
only those parts of the evaluation pertinent to the design of the site are discussed 
5.6.2.1 Aims 
This part of the research had three aims. Firstly to determine the overall usability of the web 
site, secondly to consider the efficacy of web sites for disseminating `formal' ergonomics 
information to designers and thirdly to provide an understanding of the way in which 
information (both on this site and the wider Internet) could be used in context of a design task. 
P 
HOME 
yjaw ` e[sofomt ag"fix mom eat m ,c , 9iß[ 
YýS4 
This is the home page to the guidelines on Driver Information Systems 
The table across the top of each page is a contents list to the web site. Use this to navigate between topics 
It is not a frame, so to access it you will have to scroll up the page or use the navigation buttons to take you to the 
top of the page. 
You do not have to use this page again ifyou do not want to. 
The set of guidelines has been produced as experimental material for a research project looking at human factors and 
automotive design. 
The guidelines have been adapted from 'Driver Information Systems Code of Practice and Design Gwdefines 
(Revision D): Final Draft', prepared for the Department of Transport by Dean Southall and Jane Robertson. 
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5.6.2.2 Method 
Final year students enrolled on the Ergonomics and Design Module were required over a 
period of several weeks to design a Driver Information System for Car 2010. The full design 
brief is provided in Appendix 2.1 and the study described in detail in Section 7.3. To aid them 
in achieving this task, they were allowed to use web-based, as well as traditional paper-based 
information resources. No restriction was placed on the manner or amount of time they spent 
using the Internet or the Driver Information Systems web site. The use of the Internet and the 
web site was evaluated in three ways: 
1. Video analysis of the use of the Internet which occurred in the experimental room 
dedicated to the project; 
2. Focus group discussion of the web site and Internet; 
3. Completion of Wammisco usability questionnaire (shown in Appendix 2.2) following 
completion of the project - at which time it was hoped that they would all have become 
familiar with the site and its contents. 
Initially, it was proposed to develop a web usability measurement tool. However, it would 
have been impossible to standardize the questionnaire with regards to reliability, validity and 
normalisation in the time available. Instead Wammisco 3.2 was used. This was a fifty item, 
internationally-standardised questionnaire for the quantitative measurement of web site 
usability. The questionnaire was administered to participants in a quiet office, with a version 
of the web site they had used running on a local network for reference purposes. 10 of the 
original 13 participants took part in this study. 
5.6.2.3 Results' 
At the time of analysis Wammisco was not a commercially available system. The data from 
these trials was fed into the normalisation of the measuring instrument and were analysed by 
the Wammisco developer, Jurek Kirakowski. Table 5-3 shows the site to be fairly average on 
the scales of efficiency, affect, control, learnability and usability and just over average on 
helpfulness with an extremely slight skew to lower numbers, with standard deviations quite 
tightly together for the sample size. This led Kirakowski (personal correspondence, 1998) to 
comment that the site was perceived `as helpful and generally informative, with useful links', 
S The complete evaluation study and the results are discussed in detail in Chapter 7. The results 
presented here relate primarily to web usability. 
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Table 5-3: Summary of Wammisco Results for Driver Information Systems Web Page 
Scale Attractiveness Control Efficiency Helpfulness Learnability 
Average 50.98 48.13 47.72 51.51 48.91 
Median 51.74 49.91 49.21 51.73 52.31 
St Dev 8.83 11.52 11.58 9.02 11.71 
95% C. I. 1.86 2.42 2.44 1.90 2.46 
5.6.2.4 Discussion 
The site was seen as fairly average on all the scales. However, some users expressed a much 
lower opinion of the site's efficiency than the rest, which was based on their experiences of 
using the site on older browsers, on their own, non networked machines (on which links 
would not have worked). Attempts had been made to test the site for a wide range of 
conditions of use using Browserola. Also, the greatest advocates of the site did not take part 
in the usability assessment. 
Discussion of the site in the focus groups (see also Section 7.4.5.2 ) revealed that the 
information had been successfully tailored to meet the needs of the task and the users. 
However several of the group still printed out material from the site because: 
" "it is easier to read something on paper"; 
" "you get more information on a sheet of paper"; 
" gaining an overview of the information is more easily achieved from paper based -"can't 
keep it all in your head. It's easier when you can see it all'; 
" can take paper anywhere, use it in a more relaxed setting and make notes on it. 
5.6.2.5 Conclusions 
In terms of the coherence of the overall study, the Wammisco study showed that the web site 
was adequate to support the users in the task of designing a Driver Information System. The 
usability scores achieved by the site were lower than had been anticipated, but this might 
have been due to the reduced sample size (those who had admitted to using and enjoying the 
site most in the focus group discussions did not participate in this experiment), and the effects 
caused by the use of the site on different browsers. 
The results do however, accord with the ones relating to the use of the Automotive Writer's 
Web Site. Issues concerning the manner in which the site and the wider Internet were used 
are discussed in more detail in Chapter 7. 
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5.7 Validating the Assumptions on which Information 
Dissemination using the Internet were Based 
At this juncture the assumptions which led to the hypothesis that presenting ergonomics 
information on the Internet need to be validated, because neither of the two studies (in 
Sections 5.6 and 5.7) show that the Internet was a useful as had been believed. Questions 
regarding the Internet were included as part of the study outlined in Section 4.5. 
5.7.1 Aims 
This part of the confirmatory study was used to validate whether the Internet was the 
preferred mechanism of information dissemination to designers, and to ascertain whether they 
would use such information in their work. 
5.7.2 Method 
The method has been outlined in Section 4.5.3 and an example of the questionnaire 
distributed to the participants may be found in Appendix 1.4. This was distributed after an 
overview of the research and a demonstration of both web sites. 
5.7.3 Results 
As it has already been shown that the respondents believed they could use ergonomics 
information more effectively in their work (Section 4.5.4), the results presented here 
appertain to the use of the Internet as a means of information dissemination. 
The first noteworthy result is the confirmation of the ubiquity of the computer in all areas of 
work. This reconfirms the findings of the postal survey conducted on automotive designers 
and engineers. Figure 5-7 shows that most of the respondents regularly used email and the 
Internet, although the work with technical authors might suggest that this was still not a 
widespread occurrence through all departments within automotive organisations (see Section 
5.5.2.5). 
Provision of guidelines on the Internet was thought to be a good idea (mode 5, median 4, out 
of a scale of 1-5 where 5 represents `very good idea'). Reasons for this (from most to least 
frequently expressed views) were: 
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Figure 5-7: Types of Computer Activities Undertaken by Respondents 
1. easy access from work, especially in design offices and is available when needed; 
2. provides a single source of information; 
3. can be updated regularly; 
4. Internet has become a valuable source of engineering data; 
5. designer would look at it more if material was presented electronically; 
6. impresses superiors. 
This generally confirmed the underlying assumptions concerning the use of the web and its 
potential for information dissemination. It was also believed that putting information on the 
web would encourage use (mode 4, median 5). This again confirms earlier assumptions. 
Reasons for this included ease of access, widespread use of the web by engineers and the 
credence given to information found on the web. However, it was noted that just providing 
the information could not enforce its use, people had to be made aware of the site. 
5.7.4 Discussion 
The automotive designers in this study appeared to think that the Internet would be a useful 
mechanism for delivering ergonomics information as and when needed i. e. to the desktop. 
The reasons cited for this belief were based on their own work experience. Computers were 
used widely to support all activities, and the Internet, for these participants, has become just 
another desktop resource. Strangely, one view expressed was that information on the web 
would be given more credence by superiors than other forms of information. The comment 
that providing yet more information, in another format will not ensure that it is used is 
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extremely pertinent to this research, and is one of the reasons for developing the ergonomics 
decision support system (see Chapter 6) 
5.7.5 Conclusions 
The results of this study are taken as verifying that the Internet as a vehicle for information 
dissemination, and the presentation of ergonomics information in the form of on-line 
guidelines did meet the requirements of the end users (automotive designers and engineers), 
and that these requirements had not changed significantly during the course of the research. 
However the results of this, and the other studies which showed an eagerness for web based 
information might be explained by the fact that information is being tailored to meet the 
specific needs of the users and particular tasks; the potential users do not have to source the 
material for themselves. The Internet becomes a personal information resource, which can be 
accessed from the relative luxury of the desktop. This would seem very much in line with the 
attitude expressed by designers and engineers. They want to be provided with specific 
answers to specific questions. This places a greater onus on the information provider (or an 
intermediary) to design information tailored specifically to meet user and project 
requirements. 
The way in which the Internet was used in the context of a design task, which required 
participants to discover information about users, tasks and environments is discussed in 
further detail in Chapter 7. The remainder of this chapter discusses the implications of the 
usability studies and the creation of the information resources. 
5.8 The Use of the Internet to Disseminate Ergonomics 
information 
The Internet is a vehicle through which information relating to ergonomics can be produced 
and disseminated to automotive designers and engineers. Plans to produce such information 
and demonstrations of the sites themselves showed that multimedia information, which was 
of high quality in its design and transmission would be an attractive alternative to paper based 
forms of information for the design market. The guideline format is ideally suited to this type 
of delivery, and benefits from a presentation which is clear and concise. Even with limited 
technological resources it was demonstrated that it is possible to create useful pages in a short 
amount of time. Once these are created they can be updated with new information as 
necessary, at no cost to the user. 
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However, as with all forms of information, the content provider has no control over how, why 
and who will access the information. Whilst this is also true to a certain extent of libraries, 
there are restrictions on access (e. g. geographical, qualifications, period of loan). Most 
information presented on the Internet is, or has the potential to become, public. In the public 
arena one loses access control and the manner in which people navigate and use the site will 
vary (perhaps not entering through the home page, which explains the context of the 
information). In terms of the presentation of critical information this becomes an issue which 
cannot be dismissed. If a guideline is misapplied, because only one level of information was 
provided, and this leads to injury, who is responsible? 
In terms of page design, those which are too slow to load and visually unattractive for 
whatever reason will be ignored. Slow load up time is not just a function of page complexity, 
but relates to the number of users, the speed of the connection and the server. This is very 
much out of control of the information provider. Similarly the user might have configured 
their browser in such a way as to undo all the features, which have been designed into the 
site. As far as possible this should be accounted for in the design of the page, which should be 
designed to look its best under the most frequently used browser, and then be acceptable to all 
other ones. A text mode browser should be used when previewing documents to see if they 
still make sense without the images. Including images in documents will exclude some 
potential users. 
The web does require a different form of information presentation, and information has to be 
redesigned so that it will benefit from web-based presentation. This is not simply cut and 
paste. Information needs to be arranged logically so it can be expanded, deleted, and updated 
efficiently and effectively. 
Additionally, once something has been published on the web, others have a stake in it. 
Material should not be deleted or moved without adequate precautions being taken, so that 
users can find their way to the information again if they need to. This involves significant cost 
in maintenance and ensuring that users know the web site is current, and that it is being 
maintained. Documents should be signed and dated so readers can make an informed 
judgement about their quality and know who to contact about content. If the quality of the 
published material is poor (e. g. full of spelling mistakes) readers will notice and interest and 
trust in the site will diminish 
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5.9 Information Dissemination on the Internet - Concluding 
Statements 
This concluding section brings together the experiences outlined in this chapter. From the 
creation of the Automotive Manual Writers Site (Section 5.5), it became apparent that in 1996 
neither the software, nor the infrastructure was mature enough or widespread enough to allow 
casual use of the Internet. Even without the need to create guidelines from the beginning, the 
generation of the site itself was time consuming as pages had to be hand coded and images re- 
created by graphics packages. It became apparent that a web page developer required many 
skills, which may not actually be embodied in one individual. Although reputedly widely 
available, routine access to the Internet was not widely available in automotive organisations, 
which we expected would have been at the forefront of such technology. Software purporting 
to provide fast and reliable access to the Internet proved not to be so. Although the users 
anticipated the benefits the Internet would bring, in reality they found the sites difficult to use, 
and navigation through the site difficult. Undoubtedly, part of the responsibility for this lies 
with the author of the guidelines (myself), but an equal part must be taken by the computer 
environment and the expectation of the users. 
The following year saw the creation of the Driver Information System Web Site (Section 5.6). 
During this time more robust browsers and faster servers had emerged, more sophisticated 
graphic packages and usable HTML authoring tools had been developed, scanners (both hand 
held and flat bed) were more widely available. All these developments conspired to make it 
easier to develop web sites. As more sophisticated and useful web sites were found, the more 
people believed that this was the way forward. This is confirmed by the attitudes expressed in 
the Confirmatory Study (Section 5.7) and the experimental study of the use of the Driver 
Information System Web Site (Section 5.6.2 and Chapter 7). In this particular study, students 
were given the option of using either paper based or electronic information resources. They 
all opted to use electronic resources (even though they then printed them out! ). 
In 2000, the hype of the Internet sometimes lives up to its expectations. Clearly the packages 
and infrastructure are now of sufficiently high standard to enable most of the people, most of 
the time good quality access. A new discipline of web design has emerged, with high quality 
attractive, usable sites. E-Commerce has given even further impetus to the study of web 
usability, as it can be proved that poorly designed sites lead to loss in sales. In terms of 
information dissemination, the Internet is becoming the library on the desktop for both 
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professional and casual users (whether one wants to discover seatbelt legislation, the 
international market for Pokemon trading cards, or the rules to table tennis). 
A question, clearly of evolutionary significance (at the time of writing), which emerged from 
this part of the study, was whether the information users could `cope' with information 
presented in this format. In Woodcock (1999), I spoke of us being in a "zone of transition" 
regarding new technology where some might suffer as we learnt to harness technology and 
make it work for us. Although referring to the wider societal issues brought about by the 
information technology revolution, this research is lies firmly in this transition period. 
Information seekers eagerly pursue the dream of rich, reliable information, which will 
completely meet their requirements during their journey through the Internet. Chapter 7 
shows that the majority of these voyages reap no worthwhile cargo, that any nuggets which 
may be found are discarded in the quest for greater treasures or buried like pirate gold (in this 
case, bookmarked) and never revisited. In those few instances where the search is fruitful, the 
information is cashed in, and returned to the seeker as hard copy. 
Users want the convenience of a library of information at their desk top, which lets them 
tailor their own searches, but they want to use the material, as far as possible in a paper-based 
format. This means that sites which contain detailed, complex and lengthy information should 
be designed with ease of printing in mind e. g. by being broken down into short sections, and 
having alternative printer friendly formats (e. g. pdf files). 
5.10 Chapter Summary 
This chapter has focused on the development of the Internet guidelines and the usability 
studies which related to them. Ergonomics is just one particular type of information, and 
when this is presented in the form of guidelines, can be represented fairly easily on the web, 
in a form appreciated by designers and engineers. Although the pages developed had some 
shortcomings, identified by the participants, it is thought that their design would not hinder 
related design tasks, which the participants had to undertake. The conclusion to the chapter 
considers the advances made in terms of information presentation and dissemination over the 
course of the research, and begins to address the question of the capabilities of the 
information users for coping with the vast amount of information which may be presented to 
them. 
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This theme will be reconsidered in the later stages of the thesis. The next chapter outlines the 
development of a computer-based tool which aids designers in clarifying and organising this 
information in a manner which can feed directly into product requirements. 
'The information appeared in the presentation in Woodcock, A. (1999), Human factors perspectives on 
globalisation and technological change, Information Society '99, October 25-26`h, Vilnius, Lithuania 
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6 Development of the Ergonomics Decision Support 
System 
6.1 Chapter Outline 
The previous chapter considered the rationale for, development and usability of Internet 
based information delivery. This chapter, and much of the remaining thesis, will focus on the 
development and evaluation of the ergonomics decision support system designed to ensure 
that information (such as that found on the Internet and in journals) and knowledge relating to 
user issues is integrated with the specification of product requirements during concept design. 
The structure of the chapter is similar to that of the preceding one. It commences with a 
recapitulation of the rationale behind development, the purposes of the system and an 
overview of the main system components. This is followed by an historical overview, with 
examples taken from projects used to test the system, which are used to outline system 
functionality. 
Two experimental studies are also included in this chapter relating to the verification of the 
assumptions underlying development and a usability assessment of the first working version 
of the ergonomics decision support system, ADECT1, which was extensively investigated in 
the context of a design project detailed in Chapter 7. The chapter concludes with an 
introduction to the issues, which need to be considered in the experimental studies. 
6.2 Introduction 
Figure 6-1 indicates the relationship of the Chapter to the rest of the thesis, indicating that the 
development of the system emerged from the requirements generated by the earlier stages of 
information gathering (see especially Section 3.6). Two solutions were postulated to 
encourage the use of ergonomics in design. These were the provision of ergonomics 
information in the form of on-line guidelines delivered via the Internet (the topic of Chapter 
'Automotive Designers' Ergonomics Clarification Toolset - ADECT 
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information to designers in this manner does not mean that they will read it, or use it wisely in 
their work. It is believed the provision of a framework to integrate and link user related 
information to specific product requirements might enhance the drawing together of 
information accrued through experience or reading. 
Figure 6-1 shows that Chapter 7 considers in greater detail the experimental study conducted 
to consider the way in which the system could be used during design activity. After this 
ADECT was tailored to meet the requirements of general product development and iteratively 
developed to take into account of the findings from the usability study. This forms the content 
of Chapter 8. 
At this stage it is necessary to express my profound thanks to Richard Bartlett who undertook 
the iterative development of the ergonomics decision support systems (both ADECT and 
DETECT) during the course of this research. Discussions during each stage of development 
were used to further clarify the underlying functionality and usability (for example what 
should be supported, how it should be supported and the needs of the final users). 
Although the philosophy behind the ergonomics decision support system is firmly rooted in 
the research conducted on the `ESPRIT Project 385 HUFIT', the resulting system bears no 
resemblance to its paper-based predecessor, the HUFIT PAS Toolset (introduced in Section 
4.4.1.3.1). Therefore, much of this chapter is concerned with providing an overview of the 
system in terms of its functionality and appearance (sections 6.3 to 6.5). 
The ergonomics decision support system outlined in this chapter (ADECT) was originally 
developed to support the automotive industry. Therefore may of the requirements outlined in 
Table 6.1 relate to the needs of the automotive industry in the mid 1990s. However, it is 
believed that the underlying philosophy behind the ergonomics decision support system 
makes it potentially useful in other forms of product development. Indeed, the system on 
which it was based (HUFIT PAS Toolset), was intended to aid the design of Information 
Technology products, and its sibling, USERfit, to aid in the development of assistive 
technology. The structure developed for the ergonomics decision support system could 
provide an environment easily adapted to other design domains and for the clarification of 
non-ergonomics issues as well (this is addressed in Chapter 8). 
The development of the ergonomics decision support system did not necessitate an 
investigation of the human factors issues designers need to consider. These are, to a large 
extent already known and may be considered as relating to user, task, environmental and 
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usage characteristics and are to be found at the heart of user centred design (Section 
4.4.1.1.2). Rather the research concerned looking at the way in which such issues could be 
represented in a system designed to encourage a systematic, user centred approach to design. 
Fostering a user centred approach to product development requires firstly, a willingness on 
the part of the designer to understand the requirements of the potential product users in terms 
of their needs and capabilities and understanding of the manner and environment in which the 
product is going to be used; and secondly an ability to design a product which will satisfy 
these requirements. It is (reluctantly) acknowledged that designers are not especially 
interested in these areas per se (as documented the opening Chapters). However, it is 
hypothesized that they might be more inclined to regard these issues if they could be shown 
to have a direct, tangible link to product requirements. 
The problem needing to be addressed was how these issues could be represented to designers 
and linked to a series of emerging product requirements. For example, if the rear seats in a car 
are being designed to accommodate 95th percentile men, then their sitting height and leg 
length might be of special interest. These dimensions in turn could have implications for the 
height of the car, seat dimensions and the amount of space between the front and rear seats. 
The ergonomics decision support system needed to provide a series of prompts to encourage 
the designers to consider such user issues and to provide a mechanism by which these could 
be linked to final design solutions. An additional issue which had to be addressed considered 
the nature of concept design, in which the user issues and product requirements are still to be 
determined, and making the system flexible enough to accommodate any design problem. 
The ergonomics decision support system was therefore intended to provide the designer with 
an opportunity to embark upon a user centred approach to design from the receipt of the 
design brief. 
6.3 Aims of the System 
The overall aim of the system, and indeed the research, was to provide a means by which 
ergonomics could be more integrated into the early stages of design, through the use of 
computer based tools. In terms of support for the design process the literature review, postal 
surveys and interviews established that there was: 
" lack of clarification/detail in the initial design brief regarding potential users; 
" lack of structure in the consideration of user issues. 
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Therefore the ergonomics decision support system was required to: 
1. support the identification and recording of potential ergonomics issues relating to product 
users2; 
2. provide a means by which these user issues could drive and be linked to product 
requirements; 
3. provide a means of displaying that information in a manner compatible with the needs of 
industry. 
At this juncture it is worth noting two points; firstly, the amount of computation required to 
develop such a system was underestimated, and secondly the approach adopted to the 
consideration of human factors in design was highly reductionist, a critique which has also 
been levelled at QFD (Eost, 1999). 
The design process was conceptualised as a series of goals and subgoals. Each user issue was 
seen as representing a mini design problem. At this level, the design problem can be broken 
down into a series of statements such as `if a user has a characteristic, A, then the product should be 
designed to have feature B'. A concrete example from automotive design might work out as the 
following: `if the driving population is female, the leg length will be typically be shorter than for men. If the 
design is to accommodate female drivers, then the vehicle should be designed so the pedals can be reached by 
them. Design solutions might be either a greater degree of seat adjustment, or pedal adjustment. ' 
From this it follows that the more user issues which can be identified and tied down to 
product requirements, the more likelihood there is of the design solution being close to the 
optimum from the users' perspective. Obviously, this optimum solution might not 
necessarily be the same as the one anticipated by the company, or the one actually produced. 
This is where the designer needs to use skill and judgement in balancing a set of potentially 
conflicting issues (e. g. production costs vs. aesthetics). 
Such trade offs are typical in design, and were expressed by participants in the interview 
study (see Section 3.4.3). It was also reported that where these conflicts of interest occurred, 
issues relating to ergonomics fared worst. If the decision making process was made more 
Z The term product user is, for convenience and clarity, interchangeable with consumer in this chapter. 
It is noted that the two are not necessarily the same. In the design of DETECT, it was recommended 
that the term 'user' was replaced by a more designer friendly term, such as 'consumer' or 'purchaser'. 
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transparent, especially with regard to ergonomics, then the consequences of ignoring user 
issues might become more apparent. For example, if 60% of potential product users 
requested the removal of the glove compartment in a car, but the team manager wanted it to 
remain, then the effects of not following the product users wishes could be measured in 
terms of loss of sales. If the user issues are displayed to the designer, or can be induced to 
emerge during consideration of the product brief and are formally recorded, a set of product 
requirements or features can be generated to address them. Likewise a requirements matrix 
showing all user issues against all product requirements would highlight inconsistencies in 
the design solution 
Using such a system might require designers to work in a different manner (e. g. overt 
articulation and specification) and this may lead to differences in the quality of the final 
solution. A consideration in the analysis and the discussion of the research has to be whether 
user issues can be factored out of the design process and whether the overt representation of 
these factors is seen as either useful or necessary to designers. 
In summary, the aim of the ergonomics decision support system was to provide a means of 
presenting designers with ideas about user issues in a systematic manner, which could start 
them brainstorming/thinking about salient user issues. This could then be used to shape 
product requirements. Although the process itself may, in fact, be the most important benefit 
designers derive from using the system, a print out of the relationship between the user issues 
and the product requirements was seen as being a necessary visual reminder of the results of 
the discussion. This could form an ergonomics specification to help in the concept design, 
and the evaluation of the more mature detailed designs. The following section looks more 
closely at the requirements of the system as elucidated from the literature and the surveys, 
and how they shaped the development. 
6.4 Requirements of the System 
Table 6-1 shows a list of 14 requirements for the system. These have been derived from the 
earlier chapters (most importantly Sections 3.6 and 4.4). The second column indicates the 
extent to which the requirement was embodied in the system design - the ticks indicate those 
requirements the system met; the bracketed ticks (6,7,8,9) indicate those issues considered 
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during system development, but which could not be formally investigated3. Indeed some of 
these would require both organisational commitment and restructuring beyond the scope of 
this research. These issues are addressed in the future work section of the thesis. The question 
mark (11) represents a partially fulfilled solution. Users were free to conceptualise the user 
and design issues in a way meaningful to them; they were also able to pass from design to 
user issue as ideas came to them. However, once a structure had been developed it was 
difficult to adapt. 
Table 6-1 Summary of System Requirements 
REQUIREMENT FEATURED RATIONALE 
1. Support for V Generally, the front end of the design process is not well 
the initial stages supported (not just with regard to ergonomics), with design 
of design progressing without any clear idea of the end users of the 
product. For user centred design to be most effective, this has to 
occur in the concept design stage, so that the design embodies 
the needs of the users. 
2. Usability in V " Design takes place under pressure. The system therefore 
an needs to be easy to use, learn and deliver results quickly to be 
organisational used in the context under which design takes place. 
context 
" Output should be delivered in a timely and appropriate 
manner, and fit in with other organisational structures. For 
example output should be in the form of a spreadsheet, as 
designers/engineers are most conversant with this form of 
information for looking at design requirements. 
v 
" The system should run on a PC as this is the computer most 
favoured in automotive design. 
V " The system should also be compatible with the needs and 
goals of the organisation and the design teams, otherwise there 
will not be support for its use. 
3. Designers % The system should not require lengthy text entry. 
are not happy 
with words 
4. All ideas are V The system exists solely to record ideas, not to judge them. No 
equally valid facility was produced whereby some ideas could be rated better 
than others, rather priorities could be assigned to 
' It was not possible to test ADECT (or DETECT) in an organisational setting during the course of this 
research. This does have ramifications for the type of usability investigations which could take place. 
These are considered in the following chapter. 
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ideas/solutions/user requirements. 
5. Design The design of the system should not impose a structure on the 
models are not manner in which it is used. It was not a requirement that all user 
always the most issues be completed before the product requirements were 
appropriate way specified. 
to represent 
what happens in 
design 
6. Reduce (. ) Misunderstandings prevent optimal designs from being reached. 
misunderstandin However, they are to some extent unavoidable in 
g between multidisciplinary teams. ADECT provided a framework for the 
designers and discussion of these ideas, which should help in the reduction of 
support the number of misunderstandings occurring during and after the 
teamworking design has passed to other members of the organisation. 
7. Support (') Designers are not accustomed to requesting information from 
interdepartmenta other departments because it is not always apparent to them the 
1 working information which they are lacking. In generating a list of user 
issues which are going to be important for their design, they 
might be aware of 'blanks' in their knowledge, for example 
concerning the girth of pregnant women, essential for designing 
air bags, seats and steering columns. 
8. Increase (v) It is believed that by discussing with others knowledge may be 
overall acquired, so the process itself would lead to increases in 
knowledge knowledge and understanding amongst team members which 
levels might not occur if the only result of the concept design stage was 
a package drawing which was the visual representation of the 
designers thoughts on the subject. Also the project history can 
now be re-used by later teams as it is documented. 
9. Aid in the (v) By making the user issues underpinning the product 
development of requirements more transparent a set of evaluation criteria can be 
evaluation developed. Also, the designers can judge the extent to which 
criteria product requirements might match the user issues as they 
generate the requirements matrix. 
10. Provide The opening screen requires designers to consider the nature of 
guidance the product they are using, its functionality and the manner in 
regarding the which it will be used, etc. 
clarification of 
the product 
11. Backtrackin ? Design does not proceed in a linear fashion. Therefore it is 
g, revisions and essential that the system can easily accommodate changes and 
updates should different ways of working. 
be possible 
12. Provide a Increasingly 're-use' is being emphasized. ADECT creates a 
design history project history, which can be used later in the project, and might 
also be useful in later projects where different parameters can be 
entered. This requires a means of identifying and tracking down 
source documents. 
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13. Support co- VO Design is increasingly team based. Therefore it becomes 
operative important to manage decisions and keep track of important ideas 
working and to encourage contributions from all team members 
In terms of screen layout and functionality, the design should 
allow more than one person the opportunity of entering 
information. 
14. Provide a VO Designers and engineers felt that they did consider user issues, 
structured but not in a systematic manner. Therefore issues were missed or 
representation of not adequately resolved by the time the vehicle went into 
user issues production. 
The overriding requirement of the system was to create an environment in which the designer 
could consider the users in relation to the product being developed. User centred design is a 
term most frequently associated with software development (e. g. Galer et al, 1992). However, 
in terms of product design it is associated with an approach that places the user at the centre 
of the design process. Starting with the user, the focus is on creating products, which are easy 
to use and match the users' needs. In terms of the decision support system the first 
requirement had to be a means of identifying and displaying the many human factors which 
could shape product development. 
Designs which meet user expectations should proceed from an identification and 
understanding of the user needs. This requires a shift in the perspective of the designer away 
from the purely technical consideration of product capabilities to a consideration of how the 
product fits into the lifestyle of the potential user (Margolin, 1997). Sanders (1993) suggests, 
that for products to be successful they should score highly on the dimensions of usefulness, 
usability and desirability. The users should want the product, they should be able to use it (or 
learn relatively quickly how to use it) and it should serve a purpose not otherwise not 
fulfilled. Obviously, successful products do not always score highly on all dimensions (for 
example, the video player), and the manner in which they are perceived and accepted by users 
is dynamic (i. e. what is desirable one year, may not be so the next). 
Clearly, understanding the full range of user issues which might have a potential bearing on 
the design of a particular product increasingly lies beyond the expertise of any one designer, 
or the ability of one designer to encapsulate that understanding in a definite product. Trends 
towards globalisation on the one hand require designers to understand the base level of user 
issues which the product must meet if it is to be usable and useful, whereas market 
fragmentation requires a greater discrimination in the knowledge and application of which set 
of human factors which will make a particular product desirable, at a future date, to a pre- 
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specified market segment. Chapter 2 demonstrated how these trends are affecting designers, 
the design process and the development of computer support for design. The nature of 
computer support for designers, in particular Computer Supported Co-operative Working 
(CSCW) will be further addressed later in this Chapter. 
Designers believe that user issues are, for the most part, common sense, and are happy to 
employ quick and dirty ergonomics methods in their routine activities (e. g. using 
departmental secretaries as representatives of the female population, basing designs on their 
own anthropometry as a first and adequate approximation to the user population) and 
believing this is both adequate and praiseworthy. User issues are common sense, but it is 
equally sensible to apply scientific criteria to remove sample bias, to use information which 
may be in the public domain and consider these in a systematic manner. 
The previous chapter has considered how more information might enter into the public 
domain. The purposes of the ergonomics decision support system may be summarised as: 
1. helping the systematic consideration of user issues in relation to a particular design 
project; 
2. providing a mechanism which will allow knowledge, experience and information to be 
recorded against associated user requirements, in a manner which may be re-used at a later 
stage; 
3. providing a means by which user issues can be related to product requirements; 
4. supporting a wide and varied set of user issues 
The definition adopted for ergonomics throughout this research has been broad. Ergonomics 
is not seen as being restricted to just the working environment, it needs to embrace virtually 
any aspect concerning the user and the design of the product. Drawing on a systems 
approach, the user is seen as an integral part of the system, but only if it has been designed in 
such a way as to make him/her want to be a part of it. 
6.5 Overview of the Ergonomics Decision Support System 
This section provides an overview of the three main parts of the system. It is followed by a 
more detailed account of the design and functionality of each part, and concludes with an 
historical overview of development. The section is organised in accordance with the order the 
designer would approach the system and its three main goals, namely: 
1. to help in clarification of the initial design brief; 
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2. to aid in the systematic consideration of user issues and the linking of these to product 
requirements; 
3. to present the results of these deliberations as a visual summary. 
This is represented diagrammatically in Figure 6-2. This also shows the order in which the 
user should work through the system, starting with the product strategy (or clarification of the 
design brief) followed by the determination of user and design issues. The horizontal line 
between the user and design issues indicates that this is not necessarily sequential (however 
much we might like it to be). 
'Product Strategy 
2User Issues Design Issues 
'Functionality Matrix 
Figure 6-2 Overview of ADECT 
The issues are visually represented in the functionality matrix, on which further work may be 
conducted. Indeed, a matrix cannot be generated until at least one user and one design issue 
have been generated. The remaining arrows indicate the interrelationship between items. The 
product strategy aids the clarification of both user and design issues; both user and design 
issues are represented in the functionality matrix. These are described in more detail in the 
following section. 
Whilst the four elements outlined in Figures 6-2 and 6-3 (and in more detail below) would 
enable a more user centred approach to design to be undertaken, they would not greatly 
enhance the decision support system, or provide a design history for others who wished to 
understand the decisions which had lead up to a specific design solution. To this end two 
additional facilities were also provided. 
1. Documentation database allowing the recording of items referred to during product 
development, along with their ownership, present location, current status (see Figure 
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6-12) and full citation. This, although seen as a very important feature of the system4 
(see requirement 12 on Table 6: 1), was ignored in the user trials and seen as an 
unnecessary addition by the commissioner of the DETECT research. 
2. notes (edit fields), which could be associated with any user and design issues or cell 
in the matrix. As a brainstorming tool, which also requires information to be 
automatically entered into spreadsheets, it is not appropriate or useful to have long 
pieces of text remaining on the screen. The bullet point format adopted requires 
minimal text entry, in accordance with requirement 3 (see Table 6: 1), but necessitates 
a loss of information (especially regarding the reasoning behind the inclusion of an 
issue). 
To compensate for this notes could be attached to all user and design issues and 
matrix cells and were automatically saved with the rest of the system. The scrolling 
fields could contain url's, information pasted from other documents, or design notes 
and reminders made by the system users in the course of their discussions. As it was 
intended that the Toolset could be used either by a group or an individual, the process 
of consideration and discussion was of prime importance. The notes provided a 
means of capturing this information for later consideration in the design, or as part of 
the design history. 
Additionally a 40 page, paper-based user manual was provided with ADECT (replaced with 
an on-line help in DETECT). 
The following section outlines the three main components of the ergonomics decision support 
system: the product strategy form for clarification of the design brief, user and design issues 
form and the functionality matrix. 
6.5.1 Clarification of the Design Brief 
The survey identified the front end of the design process as being particularly ill defined 
(Requirements 1 and 10). The Product Strategy Form of the ergonomics decision support 
system addresses the need to pay more attention to this stage by providing a series of 
questions the designer should complete before undertaking any design activity. The questions 
° In the interviews, the inability to identify where a piece of information had originated from and where 
it was now located was frequently cited as a problem in long design lifecycles. 
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are simple and have been well defined in the ergonomics literature (e. g. in USERfit). The 
categories and sample questions are shown in Table 6-2 below and in Figures 6-5 and 6-8. 
Table 6-2 Clarification of the Design Brief 
QUESTION SAMPLE QUESTIONS 
Working name of product 
Potential market Who will purchase the new product or service 
Who are going to be the primary end users 
Reasons for the product What is the product or service being developed. 
Why is there a need for the new product or service 
Where did the need for the product or service 
originate 
Functionality How will the product or service be used 
When will the product or service be used 
Where did the need for the product originate 
The questions are generic in nature. The opening form of the ergonomics decision support 
systems provides a series of questions, which the system user should answer. It is also 
possible to add other questions. The simplicity of the questions does not mean that the design 
team are necessarily aware of the answers to them. However, it is important that they are 
addressed5. By discussing and inserting the answers into the system all members of the 
design team can share a common understanding of the product users and the initial 
assumptions they are working with (Requirements 6 and 10). Without this shared 
understanding it is likely that the product will not be closely designed with the target 
consumers in mind. This in turn might lead to decreased functionality, usability, usefulness 
and desirability which will impact on the overall success of the product in the market place. 
6.5.2 Characterising Human Factors in the System 
When completing the Product Strategy Form the designers should consider the product's 
intended users and purchasers. This is the starting point for the main body of the ergonomics 
decision support system (see Figure 6-9). The designer is required to structure their thinking 
around the product's potential user groups (see Figure 6-3). To facilitate this, an example 
template is provided which can be used as a starting point for subsequent design projects if 
required. At the top level, product users are characterised into the main user groups as 
s In one of the earlier versions of the system, the design team could not progress until all of these 
questions had been answered. 
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identified in Table 6-3. The examples used are ones taken from projects created by the author 
(and participants in experimental sessions) to illustrate the design and use of the system 
throughout the remainder of the thesis. These include car design, tractor drivers' user manual, 
toothbrush and tennis racquet design. 
Table 6-3: Definition of User Groups in Ergonomics Decision Support System 
USER GROUP DESCRIPTION EXAMPLE 
Primary User Those who will use the product Most frequent driver, passengers, 
most often tennis player, toothbrusher 
Secondary User Occasional user of the product Secondary driver, parent who 
might brush a child's teeth 
Purchaser Person who buys the product Car fleet owner, parent 
Indirect User Those who come into contact Other road users, pedestrians 
with the product indirectly 
Other Those who have direct contact Mechanics, fitters, criminals, 
Stakeholders with the product but who are racquet stringers, shelf packers 
not the main users 
Each of these groups may be assigned a high, medium or low priority during the design 
process, depending on corporate strategy as relayed through the product brief. For example, 
traditionally automotive design has emphasised the needs of the driver, with some regard to 
the front passenger, little for the back passenger and less for other road users. Changing the 
relative priority of these might lead to a design which places a premium on preserving the 
health and well being of other road users (which in turn might lead to more investment in the 
design of pedestrian airbags, soft bumpers, retractable side mirrors, and low pollutant fuel). 
Switching the emphasis to rear seat passengers might effect design of the rear of the vehicle, 
so rear seat passengers are provided with adequate leg room, adjustable seating positions and 
storage space for in-vehicle entertainment. 
Again the interrelationship of these issues requires the designer to use her/his knowledge, 
skill and experience in the consideration of the plausibility and cost effectiveness of one 
solution over another. For example, it would not necessarily be a good solution to prevent 
rearward adjustment of the driver's seat in order to accommodate long legged rear seat 
passengers; without also considering the restrictions this might impose on a long legged 
driver. 
The logic underpinning these decisions might not normally be explicitly stated during the 
design process, but are implicit in the package drawing and discussions around it. However, if 
these decisions are not transparent, incompatibilities and inconsistencies might be 
overlooked. For example, sculptured seats look luxurious in concept drawings, but the degree 
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of comfort they afford bears a one to one relationship with the degree of anthropometric 
similarity the sitter shares with the person the seat was designed around. By stating that the 
seat was designed for a 6'2" male, it becomes immediately apparent that this is not the 
optimum solution for a car seat needing to accommodate average sized adults and children. 
The identification, ordering and prioritising of user groups leads to the next stage of the 
ergonomics decision support system - the characterisation of the human factors associated 
with the highest priority user groups. Before the manner of characterising these is explained, 
it is necessary to understand the underlying tree at the heart of the system 
6.5.2.1 Tree Structure 
The manner in which elements are built up in the system resembles a tree structure, with the 
user groups forming the top level (as shown in Figure 6-4). Until at least one user group has 
been identified on the User Issues Form, no further work can be performed, as all branches 
and nodes are associated with a particular user group. Figure 6-4 illustrates part of a tree 
relating to a car to be designed for women. The second row depicts some of the user groups 
identified as being important (i. e. pedestrians, occupants, criminals and mechanics). 
Criminals are hopefully not a user group with regard to design, but are included as a high 
priority group because they have to be `designed out' of the car. The inclusion of this group, 
also illustrates the brainstorming nature of the system - all ideas have equal validity. As it has 
been shown that women are especially concerned about in car safety and security (Woodcock 
et al, 2000), these fears should be acknowledged during concept design. 
Of the user groups identified, the driver (shown in bold) is rated as most important. Two sets 
of drivers are identified (the secondary driver and primary driver). In this case the primary 
driver would be a woman. The secondary driver also needs to be considered, as the controls 
would need to be reset to accommodate different driver anthropometry and preferences. 
Once a user group has been identified, the designer considers, in a systematic manner, the set 
of characteristics that might be important in the design of the product, in relation to this user 
group. These relate to environmental, task, usage and intrinsic characteristics (see Table 6-4). 
All of these can be further broken down into sub categories. In the above example, intrinsic 
characteristics have been illustrated by the examples of variable temperament and poor visio- 
spatial awareness. There is no limit on the number of branches that can be generated, and an 
end node could, for example be an anthropometric range or a simple statement. In Figure 6-4 
the issue, `poor visio spatial awareness' generates four possible product requirements. Again, 
152 
as a brainstorming tool, all elements have equal validity, and may not necessarily lead to the 
generation of solutions within the designers (or organisations) realm of expertise or interests. 
This is not seen as being a problem, but one that may lead to the development of new, 
innovative solutions. The manner in which a tree structure is represented is shown in Figure 6- 
The product requirements tree is of a similar nature. For example cars could be divided into a 
number of key features such as exterior and packaging, with the interior, perhaps being divided 
into seating, instrument panel, controls (foot/hand). The designer builds up a representation to 
suit the manner in which s/he conceptualises the problem. 
The tree structure was chosen because it enabled a fairly sophisticated representation of issues 
to be built up quickly and easily. It is also one which PC users are familiar with as it is used in 
email and Windows Explorer. No assumptions were made as to what the user might wish to put 
in the tree, or the manner in which they segment the design solution space. It is quite likely that 
different designers would produce different tree structures to represent their conception of the 
problem or knowledge and interests in the design. 
Figure 6-4 Tree Structure in ADECT 
For any one product there are many human factors needing to be addressed. These require a 
degree of organisation to be imposed upon them to aid clarity of thought and presentation. 
The top level of the tree is formed from the potential product user groups. Each user group 
can then be subdivided in terms of their characteristics as shown in Table 6-4. The categories 
used evolved from those in the HUFIT PAS Toolset. Again the examples used are taken 
from, car, racquet and toothbrush design. 
Table 6-4: Human Factors Characteristics 
CHARACTERISTIC DESCRIPTION EXAMPLE 
Intrinsic The characteristics which Anthropometry, educational level, 
define the user population physical characteristics, age, socio- 
being designed for economic group. 
Goals The main aims the user has in For example, in driving the goal might 
using the product. be to arrive at a destination quickly, in 
comfort or with the minimum fuel 
consumption and pollution. In tennis the 
goals might be to produce the most 
powerful serve. 
Task The main tasks and sub tasks in These will depend on the nature of the 
which the user would be product e. g. maintaining position on 
engaged and their road, monitoring the state of the car; 
characteristics brushing teeth, cleaning brush and 
associated characteristics such as variety 
of inputs, formal structure, product 
complexity 
Usage The way in which the product The frequency and discretion of use, 
will be used and factors the extent of task and product knowledge 
user brings to the execution of 
the task. - 
Environmental (both These are external to the user In cars the external environment 
the internal and and the product, but will affect includes terrain, road conditions and 
external the way in which it is designed. legislation, and the internal, may be 
environment) level of noise, distraction. For 
toothbrushes the environment would 
relate to the bathroom, use of water and 
whitener. 
Conditions under These are imposed upon the The driver might be forced to progress 
which task will be user and the product and are in accordance with speed limits and the 
performed external factors, which will behaviour of other drivers. This will 
have an effect on product influence car performance, information 
development. displayed on the dashboard etc. 
In the design of a toothbrush 
consideration should be given to who 
brushed the teeth and the length of time 
available for brushing. 
In the start up system configuration, the user is provided with a template listing a many 
(though obviously not all) user characteristics. This can be used as a basis for the design 
project. The manner in which these templates can be adapted and customised is shown in the 
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Figures through out this chapter. In the start up template, the note memo fields contain 
general explanations and definitions (which are important for those who might not be familiar 
with ergonomics terminology). 
In using the system, the user is free to adapt the tree to their own product, by adding and 
deleting items, assigning priorities as appropriate. The template therefore provides an overall 
structure for the consideration of issues which can be tailored to the design problem in hand. 
The trees which are developed can become large, and may become unmanageable. Each 
branch can therefore be expanded and collapsed as required. Each branch or node may be 
associated (linked) to one or more product requirements. 
Both the user and product issues trees share the same underlying functionality and in the final 
system occupied the left and right hand sides of the main screen respectively (see Figure 6-3). 
The user issues were placed on the left hand side of the screen to prompt the system users to 
consider these first and to link them to the product requirements. However, no restriction was 
placed on the users, and they could generate the product issues first, or move freely from one 
side of the screen to another. Such flexibility is believed to meet the requirements outlined in 
Table 6-1. Linkage between user and product issues was achieved by highlighting a user issue 
and then associating it with a design issue (by clicking on the appropriate box). 
At the end of this stage the designer should have a user issues tree containing only those 
issues considered important to the design of the product in question, and these should be 
linked appropriately to the design issues they will influence. The linking of user issues to a 
design issue is one of the most important stages in the process, as this will indicate those 
items where a user issue has a direct bearing on a product requirement (for example hand size 
will have a direct influence on the circumference of the tennis racquet handle). 
The most direct benefit of using ADECT is in terms of process. The designer has considered 
the human factors issues which are important to the design, and may have spoken to 
colleagues about the issues, and looked for guidance where there is a shortfall in knowledge. 
It is believed that this experience in itself is beneficial to design. Obviously designers may be 
as thorough or as circumspect as they like in using the system. They can dip into the system 
as and when required and produce sub matrices on the parts of the design they have been 
working on. If used thoroughly with notes and priorities assigned to branches and nodes, a 
trace of the rationale and decisions which shaped the concept design should form part of the 
project, and provide a valuable part of the project history for those new to the project or 
reviewing the way in which the product developed. 
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6.5.3 Functionality (or Requirements) Matrix 
The Functionality or Requirements Matrix is the last stage of the ergonomics decision support 
system (see Figure 6-3). It comprises a 2-Dimensional matrix formed from all the user and 
design issues. The user issues form the rows and design issues the columns. Unlike the 
HUFIT PAS Toolset, the matrix is produced automatically from information (or a user 
definable selection thereof) already entered into the system. The relative priority weightings 
assigned to the user issues are also maintained. 
The individual cells show the extent to which a user issue is compatible with a design feature. 
In the cases where user issues were linked to the design issues, on the tree form, these links 
will be shown as being highly compatible and a `thumbs up' will appear in the corresponding 
cell (see Figure 6-3.5). Additionally cell values can be altered on the matrix itself. And notes 
attached to them. The system will also record whether the cell value was changed during 
discussion of the user/design issues or when the matrix was inspected. 
The automatic generation of the matrix was a requirement of the designers and engineers who 
were used to looking at specifications shown in this manner. The matrix therefore represents 
the ergonomics specification of the product, which can be used to guide concept 
development. During demonstrations of the software it became apparent that if all factors are 
included the matrix might become too large to be useful. Therefore designers were advised to 
only include those user issues which they considered important, and were provided with the 
added functionality of only displaying sets of issues on a matrix (e. g. high priority items, 
intrinsic user issues, or a set of design issues e. g. relating to the internal package of the 
vehicle). 
This overview has demonstrated the manner in which the ergonomics decision support system 
was developed with a view to: 
" helping designers understand in greater detail the nature of the design brief (Product 
Strategy Form). 
" promoting user centred design in concept stages of the lifecycle by presenting designers 
with a template of user issues which they should be considering at the start of the design 
process. The template should foster discussion about user issues, and be populated with 
user issues (in some detail) relevant to the project in hand. It is hoped that the overt 
representation of these issues would not only remind designers to consider them, but also 
show those areas where they may know nothing about the user population. 
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" being sufficiently flexible to allow designers to work in a manner which best suited them. 
The system user does not have to start the design from the template, can develop a 
product tree to represent their current conceptualisation of the problem and move freely 
from one level and one side of the tree to another. 
" allowing design decisions to be recorded at a project level, through the attachment of 
notes to any part of the tree or matrix. 
" providing a visual record of items which have been considered (the ergonomics 
specification) in the form of a matrix, which shows the level of compatibility between a 
user issue and design feature, for example in Figure 6-3. If on the basis of experimental 
work and experience a technical author considered the tractor driver to have a low level 
of literacy, it might lead to a series of recommendations regarding the use of English in 
the manual (relating to the use of active rather than passive verbs, short sentences). The 
degree of compatibility between the user issues and the product features is shown by a 
`thumbs up' for a high degree of compatibility, and thumbs down for a low degree. 
6.6 Software and Hardware 
A demonstrator of the HUFIT PAS Toolset had been developed on the Macintosh, written in 
HyperCard, as part of ESPRIT Project 385. The demonstrator, largely incomplete, allowed 
the entry of information about user groups, the tasks they wished to perform and their 
relevant characteristics. The forms on which information could be entered did not 
automatically resize, nor was the information automatically passed forward to the next stage. 
The repetitive inserting of information was felt to detract from the system as a whole. Initial 
attempts to extend this system revealed that a more sophisticated one was required to allow 
linkage between user and design issues and automatic generation of a 2-Dimensional matrix. 
The interviews with engineers and designers (Section 3.4.3) revealed that they used PCs, and 
to gain widespread acceptance within the target user group a PC-based system would be 
required. Therefore, the ergonomics decision support system was developed using Delphi, a 
turbo Pascal based programming language. The first versions were written to run under 
Windows 3.1 operating system; later versions under Windows 98 and NT. 
6.7 Iterative Development 
The system was developed over a period of several years. It evolved from a rather 
idiosyncratic system, to one compatible with windows. The main drivers behind the evolution 
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were the experiences of developing a paper-based system (Section 6.7.1), discussions 
between the system developer and the main user (the author of the PhD), who bug tested and 
trialled each version, and software demonstrations. These helped in shaping and exploring the 
functionality of the system. 
Formal system evaluation commenced in 1997 with ADECT v 2.0. This was subjected to an 
extended evaluation during the course of a final year student project. This has been 
introduced in the preceding Chapter and is fully described in Chapter 7. The results from this 
study, along with an enhanced set of user requirements was fed into the development of 
DETECT 6v1.0, which was again evaluated, and amended to become the final version of the 
ergonomics decision support system, DETECT v2.0. The development and testing of 
DETECT is the subject of Chapter 8. The remainder of this chapter will focus on the 
development of ADECT v2.0 and its initial usability study. 
6.7.1 Paper Based Version 
At the start of the research, it was intended to automate part of the HUFIT PAS Toolset. The 
nature of the Toolset in its original paper based format was not attractive to designers, nor 
was it seen as being particularly user friendly, requiring information and decisions to be 
transposed from one sheet to another. A paper based prototype version was developed to 
consider in more detail the processes designers would have to undertake. The outline of this is 
shown in Figure 6-5. From this it is possible to gain an impression of the nature of the process 
designers would be required to follow. This was based on form filling, which was undertaken 
in workshops. 
In considering the design of a paper based system it was intended that information could be 
hand written on to the proforma by a `recorder' present at design discussions and later 
transposed on to the next form for further consideration at the next meeting. The paper based 
Toolset would have included guidelines for usage (the contents list of which is shown as 
Figure 6-5), a worked example, and a series of blank templates. The worked example was 
derived from a small survey undertaken on women's requirements of cars. The intention was 
to supplement this with a PC disc containing a copy of general purpose blank templates 
(which could be adapted by users) and the structure of the functionality matrix. 
6 Designers Ergonomics Clarification Toolset - DETECT. This version of the ergonomics decision 
support system was informed by the additional user requirements requested by a client organisation. 
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ADECT 
Automotive Designers Ergonomics Clarification Toolset 
The Paper based system 
Andree Woodcock 
Draft version 1.2 -January 1996 
Contents 
1 Introduction 
1.1 Description of ADECT 
1.2 Role of ADECT in Design 
2 Guidelines for Use 
3 Instructions and Worked Examples 
3.1 Clarification of the Design Brief 
- Introduction 
- Instructions and Worked Example 
3.2 User Mapping 
- Introduction 
- Instructions and Worked Example 
3.3 Product Users 
- Introduction 
- Instructions and Worked Example 
3.4 Tasks 
-Introduction 
- Instructions and Worked Example 
3.5 Environmental Issues 
- Introduction 
- Instructions and Worked Example 
4 The Functionality Matrix 
Appendix 1-Usage Characteristics 
Appendix 2- Task Characteristics 
Insert - Blank Templates 
Figure 6-5: Table of Contents for the Paper Based Version of ADECT 
The paper based Toolset was abandoned prior to user testing, as the overheads in the 
production of the system, and its use by designers would have been too high. However, the 
consideration of the design helped to: 
" identify the ergonomics issues relating to the design of automotive products as opposed to 
information technology products; 
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0 identify more prescribed roles for meeting facilitators, co-ordinators and recorders which 
would be needed for a fully operational paper based Toolset; 
" identify the information flow; 
" provide insight into the level of organisational commitment which would be required. 
Additionally a computer based system was seen as having the potential to enable designers to 
work together remotely, allow design decisions and discussions to be recorded on computer 
thereby reducing design drift (Requirement 12), allow immediate access to relevant 
documents/ systems which may be on the computer such as copies of marketing reports, 
CAD/CAM systems, databases (Requirement 2). 
The computer system overcame many of the problems associated with the form filling style 
of its predecessor. However, the paper based system, might be a more attractive option for 
those wishing to develop design teams and networks within organisations that focus on the 
consideration of user issues. The especial affordances of paper for the discussion of design 
ideas include: 
9 the ease, speed and flexibility with which personal and group notes can be made during 
meetings where everyone has access to their own pad and pencil. It is still some time 
before everyone will have access to a computer, which will allow the same level of 
flexibility of data entry and structuring. 
" scribbling on a pad does not require one's whole attention - i. e. rapid jotting can be a 
secondary task. Inputting ideas onto a computer requires keyboard skills and knowledge 
of the computer system, which adds to information overload and may prevent the typist 
from joining in with the group discussion. 
" paper is easy to share - ideas can be passed around, sketched and adapted during the 
meeting. As everyone possesses a distinctive style of handwriting/type of pen, it is 
immediately apparent who the different authors are. 
" the generation of ideas during early design is very rapid and fluid. Computers have not 
been able to adequately cope with the speed and flexibility which designers require (e. g. 
subtleties of pen and paper). 
Following the abandonment of the paper based Toolset, the computer based version of the 
ergonomics decision support system began to take shape. The historical overview of the 
development of the system commences with the first fully working version, ADECT vi. 0. 
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6.7.2 ADECT vl. 0 
This version of the software was produced during the summer of 1996. Most of the 
functionality was complete, although the testing of the software showed that a major portion of 
the coding would have to be rewritten owing to the complexity of the tree structures and the 
amount of material being carried 
forward. 
I argcr MWxCT 
Figure 6-6 illustrates the prominence 
given to the first stage of the system 
i. e. the clarification of the design 
brief. In this system, the user was not 
allowed to progress until all questions 
relating to the brief had been 
answered. This was deemed to be an 
inelegant solution and one that would 
Figure 6-6: Title Screen of ADECT v1.0 not be welcomed by users. 
The note area, in this version was designed to have the appearance and functionality of a 
notepad with tabbed headers. This was dropped in later versions of the software for stylistic 
reasons. One of the main considerations was the manner in which the representation of the tree 
and its diverse functions could 
be accommodated on the 
screen. Figure 6-7 shows the 
early use of colour coding to 
distinguish the different type 
of user characteristics, and the 
use of symbols to reinforce 
current selections. The 
notepad metaphor has been 
used for the memo field. 
System control was mediated 
Figure 6-7: Tree Screen of ADECT v1.0 
through the menus along the 
top of the screen and, navigation in the current section through the buttons on the left hand 
panel. The overall tree structure was represented horizontally in the bottom window. This was 
changed in the next version of the software (see Figure 6-10). 
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Figure 6-8: Functionality Matrix ADECT vl. 0 
Figure 6-8 shows the functionality matrix automatically generated from the tree. The 
development of this was problematic in a number of ways. At this time vertical writing was not 
supported in Delphi (the programming language used). Owing to the tree structure, rows and 
columns had to displayed with up to 4 sub-branches to enable unambiguous identification. The 
judicious use of scrolling fields helped. However, containing all this information in the limited 
amount of space available in the window reduced the actual working area of the matrix. In this 
version of the software a white cell represented inappropriate, green - `unknown', red - `good' 
and blue, a poor compatibility. Entirely filling a cell with colour reduced the amount of other 
information that could be displayed in it, such as whether the cell values had been produced 
during the construction of the tree or entered directly on the matrix. 
6.7.3 ADECT v2.0 
ADECT v1.0 was iteratively developed over the next 12 months, to produce a system for use in 
experimental trials described in Chapter 7. The following examples show the manner in which 
the system changed. If ADECT was to be a general purpose, ergonomics decision support tool 
then it should be possible to use it to support the design of different product groups. The 
following examples illustrate that this was in fact the case. These examples were generated for 
demonstrations and also for usability testing and error correction. 
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PAGE 
MISSING 
IN 
ORIGINAL 
The association between a user issue and product requirement can be made by placing a tick in 
the box immediately to the left of a branch or node in the right hand window. In Figure 6-10 the 
node, '13-70 year olds' has been associated with the design issues' branch relating to overall 
appearance. The ' +' by overall appearance indicates that this is a 'branch' with other items 
beneath it. Clicking on the '+' will expand the branch to its next level, as in the case 'style of 
writing' below it which has been expanded to reveal 7 features. The ticks to the left of these 
features indicate that they have already been associated with '13-70 year olds'. 
-2 primary tractor driver 
4 user characteristics 
4 +' 
4 predominantly male 
4 some seconday education 
4 multiple users 
!4 no familiarity with manual 
t4 low motivation 
4 Iaddish culture 
2i high risk takers 
24 not socially ace 
DQ overall appearance 
pQ paper quality 
pQ prod req 
pQ parts of the 'manual' 
0Q style of writing 
o0 informal 
J pQ not condescending 
pQ short sentences 
oQ unambiguous words 
pQ simple English 
oQ short words 
oQ simple punctuation 
cQ fonts 
oQ large 
st might be just for om age range, or ditt¢rer1t a9¢ 
osars. This has abearing on a lot of the utner 
Figure 6-10: Specifying User and Product Requirements for the Design of a Tractor User's 
Manual, ADECT v2.0 
All commands, such as collapsing and expanding branches can be given by clicking and 
pointing on the interface, through keyboard hot keys, and pull down menus. The window 
currently in operation is highlighted in yellow (in this case the top left hand side). High, 
medium or low priorities can be assigned to any item using the toggle switches at the bottom of 
the screens. The left hand side of Figure 6-10 also depicts part of the template structure. These 
categories were again derived from the HUFIT PAS Toolset. 
The `selection filter' (top left) enables different groups of items to be selected for inclusion on 
the matrix, from either the design or the user issues window. The menu prompts users to select 
items on the basis of their priority level, class membership (e. g. intrinsic, environmental 
factors) etc. Alternatively, the user could manually select items for inclusion on the matrix by 
toggling the circles by the side of required items. The functionality matrix 
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was again shown in a separate window, when one item on each side of the form has been 
created and selected for inclusion. 
Figure 6-11 illustrates that a similar structure can accommodate human factors issues for 
different product types. The example shown in the screenshot of Figure 6-10 was created 
tractor designers, Figure 6-11 for a sports retailer. 
racquet stringer (secondary user) 
Q* purchaser 
o self 
1Ot other 
ofW 20-60 year 
sex-variable 
oQ material 
oQ size of racquet 
oQ stiffness of racquet 
oQ stiff 
oQ flexible 
kjoO vibration dampening 
oQ string material 
oQ nylon 
oQ gut 
oQ synthetic 
oQ string thickness 
oQ grip size 
*i oQ racquet length 
Figure 6-11: Illustration of the Use of the Ergonomics Decision Support System for Supporting 
the Design of a Tennis Racquet 
6.7.3.3 The Functionality Matrix 
Figure 6-12 provides an example of the functionality matrix produced by ADECT V2.0. A 
fragment of a matrix for the design of a tractor driver's cab is shown in this example. When 
compared with the earlier version in Figure 6-9, it can be seen that some of the problems 
relating to the identification of rows and columns have been removed by adding two extra fields 
displaying the descendency of a selected cell (in this case the top left hand cell is highlighted). 
This means that the row and column titles can be considerably shorter, with only the final node 
name being shown. This allows more room for the matrix itself. Notes can be attached to each 
cell in the scrolling memo field at the top of the matrix. The descendency of each cell is shown 
in the two fields immediately below this. This provides a solution to some of the usability 
issues, but confusion may arise if the same term is used in more than one context (e. g. colour 
could be used to refer to different design features, and so might feature in multiple columns). 
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The red arrows allow 
horizontal and vertical 
scrolling of the column and 
row headers. The colour 
coding for the rows and 
columns has been carried 
through from the tree 
matrix. The text tint has 
been manipulated to show 
whether items are high, 
medium and low priority. 
Symbols have replaced 
blocks of colour for the 
matrix cells to show the 
level of compatibility 
between items. Following 
the example set in the 
HUFIT PAS Toolset, 
Figure 6-12: Functionality Matrix, ADECT v2.0 numbers are not used. 
"Thumbs up' indicates a 
high level of compatibility, `tick' fair level of compatibility, `thumbs down' incompatibility, 
`/`not applicable, and `? ' not enough information is available on which to base a decision. The 
symbols followed the motif found in the original Automotive Manual Writers site. 
The use of symbols, rather than colour coded screens allows more information to be displayed 
in the cell. For example, the current cell is surrounded in red; a green underline was used to 
denote that the value of the cell had been derived whilst working on the tree forms. Whole rows 
and columns of cell values could be selected and changed in one stage if required. 
6.7.3.4 Recording Documentation Sources 
This part of the system was not used extensively by any of the users, and was removed from 
DETECT. It consisted of a set of scrolling fields in which all items referred to during a project 
could be entered along with their ownership and current location. This was seen as making an 
important contribution to design development, and one that would have solved problems 
relating to the sourcing of design ideas and the location of key references. Figure 6-13 shows 
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problems relating to the sourcing of design ideas and the location of key reference. Figure 6- 
----------- - 
Prevention of tractors overturning Tracl paper http: //www. oper AW 
1998 TRACTOR Action Tract paper http: //ww.. oper AW 
1998 Health hazards from whole body vibration cause Trac3 paper http: //www. oper AW 
5H (Blosser) 1993 NIOSH reports on the preventability of tractor Trao4 paper http: //www., de AW 
SH (Blosser) 1997 NI05H warns Improper hitching to tractors cv i Trach paper htfp: //www, cdc AW 
news 1995 Case study 59: Deere and company "Mnnufactur Trac6 paper http: //www. ergo AW 
city brochure 1900 Series Garden Tractors Trac7 paper http: //www. alhs AW 
er, L. A Parker, C. 1997 Ergonomic issues in tractor accidents: the hrtchi Trac8 book Contemporary Er AW 
thong, L., J ging. 1997 Study on ergonomics application in harvesting (o Trac9 conference IEA'97, Proceed AW 
zewski, T. d Zak 1997 Changes in noise and seat vibration of the same Tracl 0 conference pr IEA'97, vol 6, p AW 
ioger, S. & Hrtz let 1997 Safety etnndnrde for automatic guided vehieIts Traell conference pr IFA'97. vo16. p AW 
Figure 6-13: Documentation Sources ADECT v 2.0 
13 shows the type of information sources found for the user requirements of tractor design. 
With the inclusion of url's, automatic links could he made to relevant web pages which would 
enable the user to work on product development in conjunction with on-line databases and 
guidelines, such as those outlined in Chapter 5. 
Later changes to the system, leading to the development of DETECT are discussed in Chapter 
8. As an ergonomics decision support system, DETECT shared the same underlying 
functionality (and overall appearance) as ADECT, but it was produced to a slightly different 
set of user requirements and was the subject of a second series of experimentation. 
6.8 Contextualisation of the Ergonomics Decision Support 
System 
6.8.1 HUFIT PAS Toolset 
The HUFIT PAS Toolset was developed to enable people who were not human täctors experts 
establish user needs early in the IT design process. It aimed at providing a means by which 
human factors knowledge could he incorporated into the product development cycle. This goal 
has been adopted in the design of ergonomics decision support system. However, a super- 
ordinate goal of the HUFIT programme was to provide a process whereby this might he 
institutionalised. This would require a level of organisational commitment, reorganisation and 
political will to change which lies far beyond the scope of this research. Therefore, this 
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research, after a brief flirtations with ways in which work groups might be restructured and 
organisational bottlenecks removed, settled on promoting user centred design amongst 
individual or small design groups who would not necessarily classify themselves as 
ergonomics experts (again mirroring the HUFIT PAS Toolset). The ergonomics decision 
support system also shared the aims of the HUFIT PAS Toolset (as outlined in Allison et al, 
1992) relating to: 
" the need for human factors tools to make a structured contribution to design; 
" integrate into the product development process; 
" the need for such contributions to be feasible within the constraints of a given project; 
" not relying on a high knowledge of human factors expertise amongst the design team; 
" independence from the design methods employed by any one company. 
The HUFIT PAS Toolset also clearly identified the workshop as crucial for the promotion 
and propagation of user centred design and ergonomics throughout the company, especially 
for Marketing, Planning and Development and Testing departments8. A second, and equally 
important idea is that of building up a dossier of information which could form part of the 
product design history and make the decision making process more transparent. This can be 
made available to other members of the design team, whose expertise may be called on later 
in the design life cycle, but who need to appreciate the rationale behind some of the design 
decisions (e. g., to put a mirror on both the drivers and passengers sun visors if a car is being 
designed for a woman driver). The design history is seen as important in facilitating change 
control and reducing design drift (Allison et al, 1992). 
The HUFIT PAS Toolset developed as a set of form based procedures. Each tool consisted of 
a set of proforma (templates) for use in a workshop. These were accompanied by notes 
explaining the use of specialist terms and examples to help in their completion. This was very 
much the approach taken in the development of the paper based version for this research 
(Section 6.7.1). The examples here, however, relate to automotive design. The HURT PAS 
Toolset was iteratively developed during the HUFIT project, for example "Once satisfactory draft 
tools had been developed on paper, on-line demonstrators were proposed. Some people, especially system 
designers and programmers, are known to prefer to work with a keyboard rather than using paper and pencil. It is 
Mediated through the literature review and the development of the paper based system. 
e This would have required a level of corporate sponsorship and ownership which was not forthcoming 
during the principal developmental stages of this research. 
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envisaged that the on-line versions will have more appeal to them. " (Catterall et al, p 16-17). 
Figure 6-14 (adapted from Catterall et al, 1992), shows diagrammatically the aspects of the 
HUFIT PAS Toolset which formed the basis of the ergonomics decision support system 
(highlighted areas only). The ergonomics decision support system developed as part of this 
research can therefore clearly be seen as a continuation of this earlier work, and one that is in 
keeping with its spirit. 
User Information for 
apping Marketing 
User I'l Task 
Characteristics Characteristics 
Information for 
User Requirements Development and Summary Testing 
Functionality Usability Information for 
Matrix Specification for Development and 
Evaluation Testing 
Enhanced Product 
Specification 
Figure 6-14: The Ergonomics Decision Support System in relation to HUFIT PAS Toolset 
In particular it represents the embodiment of some of the initial stages of the HUFIT PAS 
Toolset relating to: 
0 User Mapping in which potential product users and stakeholders, their task goals and the 
benefits and costs to them of using the product are outlined. 
" User and Task Characteristics Tools allowing a description of the direct user groups, user 
characteristics, task environment, characteristics and conditions of use to be generated. 
0 User Requirements Summary providing a summary of previous sections, which can be 
inserted into the product functional specification. 
0 The Functionality Matrix providing a mechanism to check items of proposed 
functionality against user and task requirements and characteristics. This assists the 
generation of an enhanced functional specification integrating human factors, business 
and technical considerations by providing an explicit means of recording the multiple 
trade-offs, which occur in product design. 
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6.8.2 Computer Systems to Support Co-operative Design 
The research has also been influenced partly by CSCW (Computer Supported Co-operative 
Work) (see also Sections 2.4. and 4.6). Greif and Cashman are widely accredited with coining 
the term for a 1984 workshop (e. g. by Wilson, 1991) to describe the activities of people such 
as computer scientists, cognitive scientists, ergonomists and sociologist, who were 
investigating collaborative group work and how this might be augmented through the use of 
computers (e. g. through email, calendar systems, shared file systems, screen sharing systems 
and group decision support systems). This work has three similarities to this wider discipline: 
1. Like many of the CSCW systems, its focus is on the use of computers to support activity. 
2. Although not designed to support distance working, the ergonomics decision support 
system has been designed to support group activity around a computer. The majority of 
CSCW studies either separate their designers or look at them working in their natural 
environment. In these cases the computer is aiding communication over distance by 
providing mechanisms to reduce the feeling of space between individuals, and providing 
team members with rich information channels. Clearly, the ergonomics decision support 
system does not do this. However, it has been designed to support group communication - 
by making the discussion of ergonomics issues systematic and specific, and storing the 
results of these discussions for use by others. The potential for the system to be used as 
an asynchronous design tool was one not considered during this research. 
3. The methodology employed in the evaluation is centred around the study of designers 
designing. It considers what was discussed, whether it was represented effectively in the 
computer, whether the computer offered sufficient functionality to enable the task to be 
completed - and that design process was influenced by the use of a computer (Chapter 7). 
6.9 Usability Evaluation of the Ergonomics Decision Support 
System 
The developer and this author tested the usability and functionality of the software 
extensively throughout development. However, it is acknowledged that systems that have 
been developed and tested by their developers cannot be regarded as having been adequately 
evaluated. Whilst the system was found to be fast and easy to use, the main concerns related 
to whether: 
" the assumptions behind the software were correct; 
" the information, and the manner in which it was displayed/ generated were appropriate; 
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0 the system was usable by others. 
By the time ADECT v2.0 was ready to be subjected to more formal evaluation, it was stable, 
fairly `bug free' and from the comments received after demonstrations (e. g. to students, 
designers and automotive engineers) seemed to be fairly intuitive and easy to use. Feedback 
was gained through several methods: 
0 comments regarding system functionality were noted from informal conversations during 
demonstrations of the software. These were incorporated into ongoing system 
development (e. g. the need to allow global changes on row and column values on the 
functionality matrix to save editing each cell). 
" validation of the assumptions underlying the software was undertaken as part of the 
confirmatory study (see Sections 4.5 and 5.7 for comparable studies of the assumptions 
underlying the whole research and validation of the use of on-line information sources). 
" usability assessment was undertaken through the use of SUMI by participants in the 
experiment on designing a driver information system (again, see Section 5.6 for a 
comparable study of web site usability). 
The remainder of this section details the last two of these. However, it should be stressed that 
these were not the only methods used during the evaluation into usability (see following 
chapter). As in the preceding chapter, these particular investigations are reported at this stage 
firstly because it is necessary to demonstrate that, from the perspective of the end user group 
(automotive designers and engineers) the system did meet the initial requirements and 
secondly that the ergonomics decision support system was usable enough to support design 
activity. 
6.9.1 Validating the Assumptions on Which the Ergonomics Decision 
Support System was Based 
6.9.1.1 Introduction 
Before focusing on the study of the usability and functionality of ADECT v2.09, the 
underlying assumptions behind the software need to be addressed. It has already been 
demonstrated in Section 4.5.4 that the interpretation of the information gathered from the 
literature, interview study and postal survey was valid. This part of the study addressed 
For simplification, from this stage forward 'ADECT v2.0, ' will be referred to simply as 'ADECT'. 
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whether the ergonomics decision support system would meet the needs of the end users, with 
regard to supporting the use of ergonomics in concept design. 
6.9.1.2 Aims 
Therefore, the aims of this part of the study were to determine whether: 
1. the assumptions underlying the development of the ergonomics decision support system 
were correct; 
2. the manifestation of these requirements in ADECT had produced a useful and usable 
system. 
6.9.1.3 Method 
The method and participant profile have been outlined in Sections 4.5. and 5.7. In summary, 
the method required automotive designers and engineers attending a short course in Vehicle 
Ergonomics at Loughborough University to listen to a lecture on the use of ergonomics in 
automotive design and watch a software demonstration of both the on-line guidelines and 
ADECT. Following this they were required to complete a short questionnaire (Appendix 1.3). 
6.9.1.4 Results 
6.9.1.4.1 The Use of Ergonomics in Design 
Most of the participants were of the opinion that ergonomics was not used to its greatest 
advantage in design. However, one view expressed by an engineer working on the design of 
tractors was that ergonomics was used to a great extent already as evidenced by ' the massive 
investment that goes into seat design and adjustment, materials and instrument facias and positions, button feel 
and control position, vehicle rides are all considered. Extremes of people are perhaps too few [for] the increased 
cost involved. ' 
The results from the interview study and postal survey were outlined in the lecture and 
participants were asked to consider the extent to which these results (Chapters 2 and 3) 
mirrored their own experience, for example whether ergonomics issues were missed until 
production and evidence for a poor level of investment in ergonomics. This produced a mixed 
response, with some respondents saying it was very much in line with their own experience, 
and others disagreeing for example "the car is designed around the customer and manufacturing say who 
they think it is". As the participants in this investigation had enrolled on the course to learn 
more about ergonomics as part of their vocational training, it is possible that a substantial 
minority had never had any experience of ergonomics at all. 
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6.9.1.4.2 Attitudes towards ADECT 
When considering the software itself, the respondents believed that ADECT could be used by 
stylists and designers, and as a general tool which could be used at many different levels (e. g. 
DfM (Design for Manufacturing), DfA (Design for Assembly), as a prompt or brainstorming 
tool to ensure that all the parameters were considered. 
In considering whether ADECT would be helpful in structuring early design, responses 
ranged from `not at all', to `very helpful'. However, the majority of answers indicated that 
ADECT would be either helpful or very helpful in the early stages of the design process. 
In terms of the use of the system, it was felt that the tool should be used first by domain 
experts to set up basic projects (e. g. instrument panel design), and that these could be used 
during brainstorming to set parameters and insert facts into the system, thereby producing a 
historical document, possibly with the help of a facilitator. A drawback was that if the system 
were to be used effectively, it would have to be used, updated and maintained regularly by the 
design team (though in the first instance the domain expert). Whether such a commitment 
existed or could be generated in the design team was questioned 
The respondents were not able to use the system prior to completing the questionnaire, but on 
the basis of the demonstration they thought it would be fairly easy to use, had minimal use of 
jargon, was menu driven, and presented results in a matrix which was readily comprehensible 
and compatible with other engineering outputs. However, it was also considered as being too 
hierarchical and providing minimal guidance10 and that it was PC, and not Mac based 
(proving you cannot please all of the people all of the time! ) 
Suggested enhancements to the system included the need to show incremental changes and 
compare the relative merits of different solutions (See DETECT v2.0, Figure 8.6), issues 
which were being overlooked should be highlighted and that the system should also provide 
answers to the questions it raised. 
10 The participants did not have an opportunity to inspect the user manual which guided the user 
through the system. Additionally an on-line help system was not implemented in ADECT. This was 
one of the requirements which was incorporated into the final version of DETECT (v2.0) 
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6.9.1.5 Discussion 
The results indicated that the underlying assumptions behind the development of the system 
were ones which those who worked at the concept stages of development were familiar with. 
A greater disparity of viewpoints was expressed because, clearly, some of those attending the 
course had little knowledge or experience of ergonomics in their work. 
ADELT was seen as being useful for concept development, providing a means by which 
project histories could be built up, and as a learning tool to assist junior designers understand 
the rationale behind project development. Additionally, the participants appreciated that the 
system, stripped of its ergonomics template, could be used a design support system to assist 
other aspects of their work. Although the participants did not have an opportunity to use the 
system for themselves they considered it to be easy and intuitive to use. 11 
The comments relating to the manner in which ADELT could be enhanced were considered 
to be both pertinent and realisable and indicated that the participants had understood the 
principles of the system. Some of these, such as that relating to the generation of multiple 
solutions, and the need for an on-line help were incorporated into DETECT. 
In relation to longer term development, the use of hyperlinks to the Internet or locally held 
information resources would mean that ADECT could be developed as both a gateway to 
project related ergonomics information and a repository for information (in the form of notes) 
which contributed to design decisions. 
It was not the intention of the ergonomics decision support tool to provide the answers to'the 
questions it raised, instead it was developed to merely raise the awareness within its users, 
that they should be considering these issues (for example the implications of multi tasks on 
the design of control panels). However, the system could be usefully extended by the addition 
of a supplementary module which would show the user which tools might be best employed 
to discover the answers to different types of questions. For example, if the user did not know 
the anthropometry of the user population the system could refer her/him to PeopleSize (or 
similar packages), if the user was unaware of the environment in which the product was going 
to be used the system could refer her/him to information sources (such as the Internet, picture 
" Following the demonstration there were requests for copies of the software. 
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libraries) or in the use of appropriate techniques to capture this information (e. g. Lifestyle 
Scenario Toolset, Eost, 1999). 
6.9.1.6 Conclusions 
The results of the Confirmatory Study (including those results discussed previously in 
Sections 4.5 and 5.7) are taken as supporting the approach taken in the development of the 
ergonomics decision support tool. Although some slight differences in opinion were 
expressed by this sample when compared to those by respondents in the earlier studies, it is 
believed that these can be attributed to a general lack of knowledge about ergonomics 
(possibly due to the sphere of activity in which the engineers were engaged). 
Attitudes expressed towards ADECT were positive. Suggestions for the manner in which it 
could be used showed that the system would be valued as both a general purpose design 
support tool, and one more specifically related to ergonomics. Comments relating to possible 
improvements to the system were fed into the iterative development process, and incorporated 
into the next version of the system, DETECT. More general points raised about the use of the 
system are discussed in the final chapter of the thesis. 
6.9.2 Usability Study of ADECT 
6.9.2.1 Introduction 
The usability of ADECT was tested as part of the larger study on the use of ADECT in a 
design context. This is described in detail in the following chapter. The usability study 
although an integral part of this larger study, has been extracted to this chapter because 
usability needs to be addressed, at least in part, within the context of system development. 
Pervious sections in this chapter have addressed the rationale behind the system, the user 
requirements, the manner in which these requirements influenced the design of ADECT and 
the iterative development of the system. The final part of this is demonstrating that the system 
was in itself usable. Once this has been established, discussion can move on to the usability of 
the system in a design context. 
Prior to the usability assessment ADECT had been demonstrated on a number of occasions 
and had received favourable comments (see Section 6.9.1.4), but the principal users had been 
the development team. 
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6.9.2.2 Aims 
The aims of the study were to show that ADECT was usable and to determine where the 
design of the interface and overall system functionality could be improved. 
6.9.2.3 Method 
The method employed was similar to that used in the evaluation of the Driver Information 
System web site (Section 5.6.2.2. ) In outline, ADECT was used by 13, final year 
undergraduate students, enrolled on the Ergonomics and Design Module, who were required 
to design a Driver Information System for Car 2010, over a period of about 8 weeks. The full 
design brief is provided in Appendix 2.1 and the whole study described in more detail in 
Section 7.3. 
Following an introductory lecture, software demonstration and instruction in the use of the 
software, design pairs were free to use ADECT as required, to support their design activity. 
Assurances were made that no marks would be deducted if they failed to use the system. 
However, they were required to become familiar with the system so that they could complete 
the usability assessment, with a degree of knowledge about the system. The evaluation was 
conducted three quarters of the way through the assignment, at a stage when it was 
anticipated all groups would have finished most of their work on ADECT 
A number of measures were taken to assess overall system usability in the design context 
(e. g. focus groups, breakdown analysis). SUMI (Software Usability Measurement Instrument) 
was used to provide a quick and easy means of evaluating the usability of the software per se. 
A completed copy of a SUMI questionnaire is shown in Appendix 2.3. It was administered to 
all participants. The assessment took place in a quiet room with a version of the software 
available for reference purposes. 
6.9.2.4 Results 
The results for the usability evaluation are shown in Figure 6-15 below. For each scale, the 
median value is shown circled in the middle of the line; the 95% upper and lower confidence 
limits are shown by the opening and closing points. These limits indicate the range within 
which we can be 95% certain that the true scale median for the software can be found. 
The standard value of state of the art commercial software is 50, software above 50 is ahead 
of the state of art for quality of use. As can be seen from the graph the median values ranged 
from 40 for efficiency to 51 for control. 
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Figure 6-15: SUMI Evaluation showing the Global Scale and 
Five Usability Sub-Scales 
In the following tables, the items have been sorted into the relevant sub scales. The Profile 
column consists of. 
" Observed (Obs'd) - the responses of the actual users to each item; 
" Expected (Exp'd) - the number of responses expected on the basis of the standardisation 
database; 
" Chi Square (Chi Sq) is the goodness of fit between the observed and expected values. 
The greater the value of the total Chi Square, the more likely it is that the obtained values 
differ from what is expected from the standardisation database. 
In each subsection, the items which differ most from the standardisation are presented first. 
Those items marked by *** are at least 99.99% certain to be different, those with ** are at 
least 99% certain to be different, and those with * 95% likely to be different. The fourth 
column is a judgement as to whether the scoring on items reflected particularly favourably 
() or unfavourably (X) on the software. The last column details any observations made 
during the conduct of the trials, which might offer an explanation. 
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Table 6-5: Efficiency Sub-Scores from SUMI 
ITEM Profile Agree DK Disagree GD/ OBSERVATION 
BAD 
6) I sometimes don't Obs'd 12 10 X No on line help, possibly 
know what to do Exp'd 4.0 1.8 7.2 inadequate training and 
next with this Chi Sq 15.8 0.4 7.2 trying to understand the 
software. 23.28*** design brief 
16) This software Obs'd 553 Many users had no 
seems to disrupt the Exp'd 1.4 2.2 9.4 experience of how they 
way I normally like Chi Sq 8.9 3.5 4.3 would go about a design 
to arrange my work. 16.76*** problem 
36) There are too Obs'd 274 This may relate to the 
many steps required Exp'd 2.7 2.5 7.8 above point, also not all 
to get something to Chi Sq 0.2 8.3 1.9 users worked through to 
work 10.35** the final stage 
46) This software Obs'd 355 A high proportion of 
occasionally behaves Exp'd 4.5 2.9 5.6 dk's. ('don't knows) 
in a way which can't Chi Sq 0.5 1.6 0.1 
be understood. 2.19 
31) It is obvious that Obs'd 373 X This should have been 
user needs have been Exp'd 4.8 4.7 3.5 more positive, and may 
fully taken into Chi Sq 0.7 1.2 0.1 reveal weaknesses in the 
consideration 1.91 structure/design of the 
system, especially 
regarding facilities to 
print out results. 
11) 1 sometimes Obs'd 436 
wonder if I am using Exp'd 4.4 1.6 7.0 
the right command Chi Sq 0.0 1.3 0.1 
1.52 
41) The software Obs'd 733 X This may relate to the 
hasn't always done Exp'd 6.6 2.1 4.3 manner in which 
what I was expecting Chi Sq 0.0 0.4 0.7 associations are made 
1) This software Obs'd 21 10 Software response rate 
responds too slowly Exp'd 2.7 1.7 8.6 not a problem 
to inputs. Chi Sq 0.2 0.3 0.2 
0.71 
26) Tasks can be Obs'd 823 This is taken as indicating 
performed in a Exp'd 9.0 2.1 2.0 that the software 
straight forward Chi Sq 0.1 0.0 0.6 appeared to be simple 
manner using this 0.67 and straightforward to 
software. use 
21)1 think this Obs'd 139 Software appeared to 
software is Exp'd 1.8 2.9 8.3 behave in a consistent 
inconsistent. Chi Sq 0.4 0.0 0.1 manner for the users 
0.43 
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Table 6-6: Affect Sub-Scores from SUMI 
ITEM Profile Agree DK Disagree GD/ OBSERVATIONS 
BAD 
22) 1 would not like Obs'd 10 21 X This results would appear 
to use this software Exp'd 3.1 2.1 7.8 to indicate that the users 
every day. Chi Sq 15.2 0.0 5.9 did not like or find the 
21.1*** software easy to use 
2) I would Obs'd 580 This does not substantiate 
recommend this Exp'd 8.3 2.9 1.8 item 22. Although there 
software to my Chi Sq 1.3 9.2 1.8 are a high number of 
colleagues 12.38** dk's. 
12) Working with Obs'd 292 High number of dk's is 
this software is Exp'd 6.9 4.2 2.0 again worrying and 
satisfying. Chi Sq 3.5 5.6 0.0 throws a shadow on the 
9.1* validity of the results 
32) There have been Obs'd 913 X This could relate to 
times in using this Exp'd 4.5 1.8 6.6 printing (which was 
software when I have Chi Sq 4.4 0.4 2.0 problematic) and the lack 
felt quite tense. 6.71 * of undo facilities which 
would mean that a whole 
tree could be irretrievably 
lost 
47) This software is Obs'd 427 Might indicate that 
really very awkward Exp'd 1.3 2.1 9.6 system is simple and 
Chi Sq 5.6 0.0 0.7 straightforward to use 
6.32* 
27) Using this Obs'd 454 High number of dk's. 
software is Exp'd 2.6 2.6 7.8 
frustrating Chi Sq 0.8 2.2 1.9 
4.82 
37) 1 think this Obs'd 256 Might indicate that 
software has made Exp'd 3.0 2.2 7.8 system is simple and 
me have a headache Chi Sq 0.3 3.5 0.4 straightforward to use 
on occasions. 4.27 
17) Working with Obs'd 553 This indicates that some 
this software is Exp'd 4.4 4.5 4.0 users enjoyed working 
mentally stimulating. Chi Sq 0.1 0.0 0.3 with the system more than 
0.38 other 
7) I enjoy my Obs'd 652 Confirms 7,17 and 47 
sessions with this Exp'd 6.9 4.0 2.1 
software. Chi Sq 0.1 0.2 0.0 
0.35 
42) The software has Obs'd 742 This became a bone of 
a very attractive Exp'd 7.0 3.5 2.5 contention with the 
presentation. Chi Sq 0.0 0.1 0.1 DETECT (see later 
0.16 sections) system 
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Table 6-7: Learnability Sub-Scores from SUMI 
ITEM Profile Agree DK Disagree GD/ OBSERVATIONS 
BAD 
15) The software Obs'd 247 X A crib sheet and a user 
documentation is Exp'd 4.8 5.5 2.7 manual were available to 
very informative. Chi Sq 1.6 0.4 6.7 participants throughout 
8.71 * the trial. These were not 
used. 
5) Learning to Obs'd 805 X This is perhaps to be 
operate this software Exp'd 3.5 2.0 7.5 expected of any new 
initially is full of Chi Sq 5.7 2.0 0.9 software 
problems. 8.55* 
50) I have to look for Obs'd 436 Some groups required 
assistance most times Exp'd 1.4 1.4 10.1 assistance printing out the 
when I use this Chi Sq 4.6 1.7 1.7 results from the software. 
software. 8.03* Assistance was always on 
hand throughout the trials 
but was not requested 
30) I keep having to Obs'd 265 Question possibly 
go back to look at the Exp'd 2.9 2.5 7.7 inappropriate resulting in 
guides. Chi Sq 0.3 5.0 0.9 a large number of dk's 
6.23* 
40) I will never learn Obs'd 238 Participants for the most 
to use all that is Exp'd 5.5 2.9 4.7 part appeared to quickly 
offered in this Chi Sq 2.2 0.0 2.4 grasp what the software 
software. 4.55 did and how they could 
do it. 
20) I prefer to stick Obs'd 742 Participants did display 
to the facilities that I Exp'd 5.7 2.2 5.1 to reluctance to try new 
know best. Chi Sq 0.3 1.4 1.9 options and move onto 
3.6 dterentscreens 
10) It takes too long Obs'd 049 Given the item above this 
to learn the software Exp'd 1.8 2.1 9.1 is perhaps strange. 
commands. Chi Sq 1.8 1.8 0.0 Participants quickly 
3.59 learnt navigation and 
inserts - the basic 
controls 
35) Learning how to Obs'd 265 Some participants did not 
use new functions is Exp'd 2.5 
. 
3.1 7.4 try to learn, and were not 
difficult. Chi Sq 0.1 2.7 0.8 required to do so 
3.53 
25) There is too Obs'd 139 There could have been if 
much to read before Exp'd 2.5 2.7 7.8 the participants had 
you can use the Chi Sq 0.9 0.0 0.2 required it 
software. 1.09 
45) It is easy to Obs'd 328 Groups were working in 
forget how to do Exp'd 3.8 2.2 7.0 teams, over short periods 
things with this Chi Sq 0.2 0.0 0.1 of time, so this really was 
software. 0.31 not an issue 
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Table 6-8: Control Sub-Scores from SUMI 
ITEM Profile Agree DK Disagree GD/ OBSERVATIONS 
BAD 
9) If this software Obs'd 0 10 3 No system crashes so this 
stops it is not easy to Exp'd 2.7 3.8 6.5 was not an issue 
restart it. Chi Sq 2.7 10.3 1.9 
14.91*** 
49) Getting data files Obs'd 733 X Printing was problematic 
in and out of the Exp'd 2.2 3.6 7.2 due to network 
system is not easy. Chi Sq 10.4 0.1 2.4 configuration. Files had 
12.9** to be exported as screen 
dumps of. txt files 
4) The software has Obs'd 12 10 No system crashes 
at some time stopped Exp'd 6.5 1.0 5.5 
unexpectedly. Chi Sq 4.7 0.9 3.8 
9.32** 
24) This software is Obs'd 391 The users did not have 
awkward when I Exp'd 4.3 4.5 4.2 any opportunity to 
want to do something Chi Sq 0.4 4.4 2.4 consider this during their 
which is not standard 7.14* work, so the question was 
inappropriate. 
29) The speed of this Obs'd 11 20 Speed was not an issue 
software is fast Exp'd 7.7 1.8 3.5 
enough. Chi Sq 1.4 0.0 3.5 
4.97 
14) I feel safer if I Obs'd 643 
use only a few Exp'd 5.3 2.0 5.7 
familiar commands Chi Sq 0.1 2.2 1.3 
or operations. 3.53 
39) It is easy to make Obs'd 355 X This could relate to 
the software do Exp'd 5.1 4.7 3.3 printing, undo and cut 
exactly what you Chi Sq 0.8 0.0 0.9 and paste which were not 
want. 1.81 supported in this release 
34) The software Obs'd 742 All options were available 
allows the user to be Exp'd 8.2 2.7 2.1 for either mouse, 
economic of Chi Sq 0.2 0.6 0.0 keyboard shortcuts or 
keystrokes. 0.77 menus 
19) I feel in Obs'd 733 Some groups and 
command of this Exp'd 7.8 3.0 2.2 individuals were more 
software when I am Chi Sq 0.1 0.0 0.3 confident than others in 
using it. 0.36 using the software 
44) It is relatively Obs'd 922 Could move between 
easy to move from Exp'd 9.2 2.0 1.8 tasks just by pressing a 
one part of a task to Chi Sq 0.0 0.0 0.0 button, either within the 
another. 0.02 system or to move to 
another piece of software 
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Table 6-9: Helpfulness Sub-Scores from SUMI 
ITEM Profile Agree DK Disagree GD/ OBSERVATIONS 
BAD 
33) The organisation Obs'd 562 Not all the users actually 
of the menus or Exp'd 9.2 2.0 1.8 used the menus. 
information lists Chi Sq 1.9 8.4 0.0 
seems quite logical. 10.37** 
38) Error prevention Obs'd 580 X This was not 
messages are not Exp'd 3.5 4.8 4.7 implemented. May also be 
adequate. Chi Sq 0.6 2.1 4.7 confounded by system and 
7.43* network error messages 
48) It is easy to see at Obs'd 346 X Some colour coding was 
a glance what the Exp'd 7.4 2.6 3.0 in place. Menu's required 
options are at each Chi Sq 2.6 0.8 3.0 reorganisation. Too much 
stage. 6.41 * information on the screen 
8) I find that the help Obs'd 742 X No on- line help available 
information given by Exp'd 3.5 3.9 5.6 on this version. Notes 
this software is not Chi Sq 3.5 0.0 2.3 were available on the 
very useful. 5.78 template version as a way 
of helping participants 
but evidence suggests that 
these were overlooked. 
3) The instructions Obs'd 544 X See above 
and prompts are Exp'd 7.7 2.9 2.5 
helpful. Chi Sq 0.9 0.5 0.9 
2.33 
13) The way that Obs'd 93 T- 
7-system information is Exp'd 7.5 3.3 2.2 
presented is clear and Chi Sq 0.3 0.0 0.7 
understandable. 0.96 
23) I can understand Obs'd 832 
and act on the Exp'd 9.1 2.7 1.2 
information provided Chi Sq 0.1 0.0 0.6 
by this software 0.75 
28) The software has Obs'd 355 Again, this had not been 
helped me overcome Exp'd 3.5 5.8 3.6 implemented 
any problems I have Chi Sq 0.1 0.1 0.5 
had in using it. 0.71 
18) There is never Obs'd 337 In the software design 
enough information Exp'd 2.6 2.6 7.8 tried to display as much 
on the screen when Chi Sq 0.1 0.1 0.1 information to the users 
it's needed. 0.21 as possible 
43) Either the Obs'd 463 Users could not judge this 
amount or quality of Exp'd 3.5 6.0 3.5 
the help information Chi Sq 0.1 0.0 0.1 
varies across the 0.14 
system. 
6.9.2.5 Discussion 
The overall usability of the software on the Global Scale had a mean value of just over 40%, 
which is below average for commercial software. The overall results for control and affect 
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were a little better than those for efficiency, helpfulness and learnability. The main 
conclusions for each of the Sub-Scales are summarised in Table 6-10. 
In 42% of the questions the `don't category' either equalled or was the modal entry. Such a 
high proportion of undecided scores casts some doubt on the validity of the results. These 
scores might have been achieved either because the question was inappropriate (e. g. in the 
case of help systems) or the user had no experience on which to base an answer (i. e. they had 
not encountered that aspect of the software). 
The system had a mixed reception, some users got on well with it, whereas others did not. 
This may not necessarily be just a reflection of the design of the system, but was confounded 
by attitudes to the project and the participant's ability to work together as a team. For 
example, one group, who could not work together, copied ADECT onto their own machines, 
which were not configured to run the system at its optimum. 
In terms of the overall usability an interpretation of these results and the findings described in 
the next chapter indicate that issues relating to undo/cut and paste were problematic, and that 
inadequate attention had been paid to the need to print out results (a requirement for the 
student project). As SUMI was also used in the evaluation of DETECT (see Section 8.6.3) a 
comparison in terms of usability can be made between the two systems. 
Table 6-10 Summary of SUMI Results 
SUBSCALE MAIN RESULTS 
Efficiency ADECT was seen as straightforward to use, it was possible to achieve the intended 
result and the system responded rapidly to inputs. However, the user needs had not 
always been taken into account, the next step was not always obvious and using the 
system might disrupt normal ways of working. 
Affect Users would not like to use the system everyday, but would recommend it to their 
colleagues (! ). It causes some feelings of tension, although it is not particularly 
awkward or frustrating to use. It has an attractive presentation, and the sessions are 
fairly enjoyable and mentally stimulating 
Learnability The documentation was not referred to extensively, and no on-line help was available. 
Users therefore were happiest using those functions they knew best and were not 
tempted to explore the rest of the system, although they did believed that they could 
have learnt to use all the functions. 
Control It was difficult sometimes to make the system do what you wanted, especially in the 
case of text export and printing. The system was robust and fairly fast. The user felt in 
control and could move from one part of the task to another relatively easily, with a 
limited number of key strokes 
Helpfulness Online help, error messages and recovery had not been implemented which made many 
of the items in this section redundant, and the answers obtained suspect. A lot of 
information was presented to the users, either in the form of projects or system controls. 
The menu's and the operations, which could be performed by the commands, were new 
to the users. The manner in which information was presented on the menus was not 
standardised. 
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6.9.2.6 Conclusions 
The overall impression from the usability study was that ADECT v2.0 could be improved 
especially in relation the overall functionality and lay out of material. The system users were 
presented with a lot of information on the screen, which was difficult for them to understand 
and which they might be unfamiliar with. 
In terms of overall control, the system was fast and robust. It was dissimilar to other 
applications the participants had used in terms appearance and functionality. Most of the 
users understood the structure and moved around the system quickly. The user manual would 
have helped, but was ignored by most users. 
The next chapter considers in more detail the manner in which the system was used in the 
trial and this will in turn explain the usability issues further. For example, one group (i. e. 
forming two participants in this study) had considerable difficulty printing out material due to 
network problems (which severely impeded their progress on the system). Another group 
took copies of the software to work with on their home computers, which were of too low a 
specification to run the software properly. 
The overall usability score achieved by ADECT v2.0, although quite low is believed to be 
fairly typical of prototype systems, and it is believed that some of the ratings might have been 
attributable to problems unrelated to the software. There is also evidence to suggest that the 
system was usable and was considered helpful to the task in hand. 
6.10 Overall Conclusions 
Section 6.8 has considered whether the initial assumptions underlying the development of the 
ergonomics decision support system were correct, and whether the instantiation of those 
assumptions in a computer based, brainstorming tool led to the development of a usable 
system, ADECT v2.0. 
The evidence suggests that the assumption that ergonomics is not used as effectively as it 
might be in concept design is still correct (so confirming the earlier postal and interview 
surveys and literature review), and that the software, although flawed was sufficiently usable 
to support design activity. This was important to establish prior to considering the way in 
which ergonomics information is used in design activity, and the role an ergonomics decision 
support system might play in promoting user centred design in concept development. 
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6.11 Chapter Summary 
This chapter has presented the second of the computer support tools developed to promote the 
use of ergonomics in concept design. The chapter commenced with an overview of the 
rationale for the development of the system based on the requirements elicited from the initial 
investigations. The principal components of the ergonomics decision support system were 
outlined along with the relationship to the HUFIT PAS Toolset. The actual system has been 
described in terms of its evolutionary development through a series of screen shots, which 
show the manner in which projects are developed. The chapter closes by showing that the 
underlying assumptions behind the work were correct and that the software used in the trials 
was sufficiently usable to aid design students in their project work. However, it is believed 
that tools such as SUMI can only tell part of the story, and that systems designed to support 
activity (in this case design) should be studied in the context of their use, which is the focus 
of Chapter 7. 
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Chapter 7 Evaluation of ADECT and the Use of 
Internet-Based Information During Concept Design 
7.1 Chapter Summary 
Chapters 5 and 6 introduced the computer-based tools developed to support the promotion of 
ergonomics in concept design and also presented the initial usability evaluation of these. Both 
usability studies were undertaken in the context of the main study described in this chapter. It 
was felt necessary to establish the extent of overall system usability as this might have 
interfered with the manner in which the participants undertook their design activity. The 
evaluation study addresses the manner in which the participants used ergonomics in a design 
project, the extent to which they used the support systems provided, and the usability and 
usefulness of the systems. 
This Chapter outlines the aims of this study, the design project, participant details, methods 
used in the evaluation, and details the results from the studies in relation to ADECT and the 
web based resources. The results from these studies, together with those in the preceding 
chapters are then discussed. The chapter concludes with a discussion of student use of 
Internet resources, recommendations concerning modifications to the ergonomics decision 
support system, a consideration of the utility of the research methods employed, the use of 
software development as a vehicle to understand design process, and the extent to which the 
systems did promote the use of ergonomics during design. 
7.2 Introduction 
The research presented in this thesis is not concerned with software development per se, 
rather, it is about considering the way in which computers may be used to deliver ergonomics 
material in a more user-friendly manner to designers, and provide a support mechanism to 
enable designers to integrate ergonomics facts and data, with their own knowledge and 
experience, in a focused manner, in the context of a given design project. 
The ergonomics decision support system was developed in accordance with the requirements 
identified from the literature review and surveys of practising automotive designers. Its 
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evaluation requires the study of designers using the software in the context of a design 
project. Such an investigation will not only shed further light on usability issues and the use 
of ergonomics in concept design, but more importantly will demonstrate the contribution of 
the ergonomics information and the ergonomics decision support system to project related 
discussion. 
The relationship of this chapter to the overall thesis is shown in Figure 7-1. From this it can 
be seen that a wide range of methods were used to provide a detailed account of the way the 
design progressed, the use of the on-line resources and the ergonomics design support system 
in shaping and supporting design activity. 
It is hoped that the results will indicate that discussions amongst design teams were user 
focused and were prompted by the information provided (both in ADECT and the Internet). 
This, of course, may not necessarily be the case. Given the pedigree of the ergonomics 
decision support system, it is believed that the rationale behind development is sound. 
However, the manifestation of that in ADECT may or may not have produced a usable 
system'. Likewise the tools may be usable, but remain useless in promoting the consideration 
of ergonomics or the tools may be both usable and useful, but ignored by designers who 
remain product, rather than user led. An analysis of the design sessions should reveal whether 
this is the case and will provide a clearer picture of the way ergonomics is regarded in 
concept development. 
7.3 Aims 
The overall aim of the research was to understand the way ergonomics was used in concept 
design, and to provide mechanisms by which it might be further integrated into the design 
process. Two means of supporting ergonomics were developed; firstly, through more 
designer friendly presentation of ergonomics information via the Internet, and secondly 
through the creation of an ergonomics decision support system which would aid in the 
integration of knowledge, experience and information about user issues, at a project level. 
The aim of this study was to determine whether the mechanisms did foster greater awareness 
and consideration of ergonomics during concept design. Four main areas were considered: 
1. The manner in which ergonomics information (embedded in the ADECT template and 
available on the Internet) was used in design; 
' It is hoped that the preceding Chapters have demonstrated that the systems were usable. 
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2. The way in which ADECT and the Internet were employed in the design project; 
3. The impact ADECT and the delivery of on-line information had on design activity; 
4. HCI usability issues which may have effected the use of the ergonomics decision support 
system. These would also contribute to the iterative development of ADECT2. 
7.4 Method 
For reasons outlined earlier, automotive design provided the initial domain in which the 
research took place. Ideally, both systems should have been tested in the context of a real 
automotive design project. Unfortunately, due to the long lead times typical in the industry, 
this was not possible. Instead, ADECT and the on-line guidelines were investigated in the 
context of a final year, 8 week, undergraduate project. This required students to familiarise 
themselves with the systems and use them to support their project work and discussions. 
Participation in the investigation was seen as contributing to the student learning experience 
(in terms of an understanding of research methods and information searching). 
7.4.1 The Student Project 
The third year undergraduate student project was given to students registered on the 
Ergonomics and Product Design module (HUC 117) in the Department of Human Sciences. 
The compulsory project was to design a Driver Information System for Car 2010 (see 
Appendix 2.1). Participation in different data gathering events, associated with this research 
was in some instances compulsory, others relied on the co-operation of students involved! As 
this was a formal assignment, care was taken not to impose inappropriate or unwanted 
restrictions on student behaviour, which might be detrimental to their final mark. 
7.4.2 Experimental Procedure 
The module, Ergonomics and Product Design, is an elective one. At the beginning of the first 
session of the course, all students were asked to fill in questionnaires relating to their 
background, Internet usage and attitudes to computers (a similar set of questionnaires was 
distributed after they had completed their assignment). These can be found in Appendices 2.4, 
5 and 6. 
2 Further iterative development of the on-line web sites did not take place, as by the time of this study 
the delivery of information in this format was common place. 
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An introduction to the module was followed by a description of ADECT and the assignments 
required for the module. The "Driver Information System for Car 2010" Assignment is 
described briefly in the following section and shown in its entirety in Appendix 2.1. The 
outline specified learning outcomes, available support, timetabling requirements, format of 
the final report and the way in which marks would be allocated. 
7.4.2.1 Assignment - Design a Driver Information System for Car 2010 
In summary, the design brief was to consider the ergonomics of a car display for a car of the 
future. It was believed that this was a project that would capture student interest and provide 
ample opportunity to consider the user requirements of such a system. Students were 
prompted to consider future predictions regarding car usage and driver/occupant populations; 
for example, focusing on the increasing number of elderly drivers, use of different types of 
vehicle (large cars for inter-city transportation, smaller-cars for within city driving) and the 
different environments in which future cars will be used. The year 2010 was chosen because 
it was sufficiently far in the future to: 
0 allow teams to be creative and explore possible future scenarios for car usage; 
" information was already provided on the Internet relating to Car 2000 which could have 
been plagiarised; 
" the automotive industry works with long lead times and with consideration to future 
trends, which gave the project a degree of realism. 
7.4.2.2 Allocation Into Groups 
Once the students had received a verbal description of the assignment they selected the 
groups they wished to work in and the level of technological support they would prefer. The 
thirteen students allocated themselves into five design pairs and one trio. As it was a student 
assignment it was decided in advance that students should be free to select the level of 
technological support they would be most happy with. It was suggested that each group select 
a different means of working e. g. just ADECT, just the Internet, or no support at all. All 
groups immediately selected the maximum level of computer support available (both ADECT 
and the Internet);. It was made clear that even though they had selected this, they need only 
use the computer support when they felt it was useful and that failure to do so would not 
influence their final mark. 
3 The implications of all groups using the same levels of support are discussed later in this chapter. 
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During the following week all students received an introductory lecture on the use of 
computer support in design, an overview and demonstration of ADECT, and individual, 
hands-on training. All students had started their assignments in time to make a brief 
presentation, one week into the course. 
7.4.2.3 Auxiliary Tasks 
The module structure allowed for a lecture on the rationale behind ADECT, an introduction to 
the software and group training sessions to take place as integral parts of the timetable. The 
nature of the experimental trials required that: 
" students worked in pairs or small groups. They were familiar with this mode of working 
from other modules, and most students knew each other. Only one group experienced 
problems typical of team working (see also Section 7.4.2.4). 
0 they worked at least three times in their groups in the experimental room, and use 
ADECT and the Internet resources as they felt appropriate. The room was equipped with 
a networked PC (Internet and printer), desk, project literature and ADECT user manuals. 
A timetable was adhered to the door allowing students freedom to book sessions. All 
sessions in this room were video and audio taped (as a back up), and logs taken of 
Internet usage and ADECT work. Technical support was available at all times. On 
request, students were able to take a copy of the Driver Information System guidelines 
and ADECT for use outside the experimental room (at the university or at home). 
0 students participated in one focus group and submitted activity logs as part of their 
assignment. 
0 students completed the usability questionnaires when appropriate; 
" additionally each design team was required to give a short, verbal progress report one 
week into the trials to ensure that they were not having any technical or usability 
problems, and to review which aspects of the Driver Information System were being 
considered. 
The topics chosen were -a car for elderly drivers (two groups), a driver information system 
for traffic police, an information system for taxicabs, an electric roadster, and a technology 
oriented project. 
7.4.2.4 Running the Experiment 
All groups worked in the experimental room at least three times during the concept design 
phase of their work, with sessions lasting between 60 and 180 minutes. It was not the 
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intention to study the creation of the final designs or the writing up process, rather the 
investigation was focused on the manner in which ergonomics issues were identified, 
discussed and became integrated in design decisions. 
One group only met in the experimental room once (although more sessions had been 
planned). From evidence supplied in the focus groups, and informal conversations with this 
group's members, this was seen not as a reflection of the working environment (room and 
software) or the task, but related rather to that particular (lack of) group dynamics. 
Data from the focus group and the videotapes indicates that video recording of the sessions 
did not inhibit the groups, although they did not like the experimental room (layout and 
furniture). The advantages of using the experimental room from the students' perspective 
were that it was a quiet, dedicated area, with some ergonomics literature, and a fast computer. 
There were no conflicts in timetabling. As anticipated, a considerable amount of design 
activity and gathering of experimental data took place outside of the experimental room. The 
essence of this was captured in activity logs submitted as part of the assignment. 
By Week 6, all groups had used ADECT and progressed with the project. At this stage, two 
focus groups were held (a member of each design team participating in each focus group). 
The focus groups were held at this time because it was assumed that most of the early design 
work requiring the use of the computer support systems would have been completed. The 
focus groups gave the participants an opportunity to share experiences, design ideas, and 
comment on the computer support. These were recorded for later transcription. Following 
this, there was a further two-week period for completion of the final designs and write-ups. 
The usability trials occurred during this final period. 
7.4.3 Data Gathering Methods 
As the evaluation was designed to consider many different issues ranging from critiquing the 
design process, consideration of ergonomics in design, through to system usability, different 
data gathering methods had to be employed. These are shown in Figure 7-1 and are also 
identified in Table 7-1, which contains an index as to where the methods are discussed4 
It should be noted that the usability studies for both ADECT and the Internet have been discussed in 
the previous chapters. The results of these studies will not be addressed again separately, but will be 
mentioned in the context of other results. 
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Table 7- 1: Overview of Data Gathering Methods 
FOCUS OF INTRODUCED PRIMARY METHOD(S) DESCRIBED RESULTS 
ATTENTION 
Participant 7.4.3.1 Questionnaires relating to: 
profiles - background details, 7.4.3.1.1 7.5.1 
- attitudes to computers, 7.4.3.1.2 7.5.1.1. 
- attitudes to the Internet, 7.4.3.1.3 7.5.1.2 
Focus groups. 7.4.3.2.2 7.5.1 
Overview of design 7.4.3.2 Activity logs, 7.4.3.2.1 7.5.2 
process Video analysis, 7.4.3.3.1 7.5.2.2 
Student reports, 7.4.3.2.3 7.5.2.5 
Focus groups. 7.4.3.2.2 7.5.2.3/4 
Impact of computer 7.4.3.4 Video analysis, 7.4.3.3.1 7.5.2.2 
support tools on Focus groups, 7.4.3.2.2 7.5.2.4 
the design process Student reports. 7.4.3.2.3 7.5.2.5 
Usability of 6.9.2 SUMI, 6.9.2. 6.9.2.4 
ADECT 7.4.3.3 Focus groups, 7.4.3.2.2 7.5.3.1 
Breakdown analysis. 7.4.3.3.2 7.5.3.1.8 
Video analysis 7.4.3.3.1 7.5.2 
Usability of 7.4.3.3 Wammisco, 5.6.2 5.6.2.3 
Internet and on-line 5.6.2 Focus groups, 7.4.3.2.2 7.5.5.2 
guidelines Video analysis 7.4.3.3.1 7.5.3.2 
Integration of 7.4.3.4 Student reports, 7.4.3.2.3 7.5.5 
ergonomics Video analysis 7.4.3.3.1 7.5.2.2 
information 
7.4.3.1 Participant Profiles 
Information was collected to ascertain the extent to which the participants might be 
representative of the target user group (for the tools). This was collected by means of three 
questionnaires. Attention was particularly focused on attitudes to the Internet and computers 
in general as this might bias the results of the usability study and the manner in which 
participants used the technology. 
7.4.3.1.1 Background Details 
Information relating to age, gender, computing experience and attitudes to computers in terms 
of future employment were ascertained through the use of a questionnaire (Appendix 2.4) 
which was completed during the first session of the module (and before the assignment was 
explained). The extent of design experience was determined informally during the focus 
groups (see Section 7.4.3.3.2). 
The terms `student' and `participant' are used interchangeably. 'Student' is used mainly in the context 
of activities relating to Module submission, `participant' for activities related to the experimental trial. 
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7.4.3.1.2 Attitudes Towards Computers 
Pro-computer attitudinal scores were measured by Badagliocco's questionnaire (1990) 
developed initially to study gender and race differences in attitudes towards computers 
(Appendix 2.6). For this study, participants were asked to place a check in a box from 1 to 5, 
which represented how they felt about computers as described by an adjective pair. A total 
pro-computing score was derived for each participant comprising the average score on all of 
the items when corrected for the direction of the scale. 
7.4.3.1.3 Use of the Internet 
This was measured by adapting Ford and Miller's (1996) questionnaire (Appendix 2.5), 
initially developed to measure gender differences in attitudes to the Internet and browsing 
strategies. Only those items measuring an attitude to the Internet were used in this analysis -a 
total of 19 questions. These were transcribed into positive or negative attitudes. 
The last two questionnaires were administered at the start of the study to determine the 
background level of Internet usage and general attitudes towards computers, and again at the 
end of the study to gauge whether the experiences had affected overall attitudes toward 
technology. As all students had elected to use full levels of computer support, it was not 
possible to have a control group. Further background characteristics emerged through the 
focus groups and informal engagement with participants over the lifetime of the project. 
These are summarised in Table 7-4. 
7.4.3.2. Overview of the Design Process 
Four principal methods were used to understand the way in which the design progressed and 
the influence of the computer support systems on this process. These were activity logs, focus 
groups, student reports and video analysis. The focus of attention was on the early stages of 
the design process; namely the clarification of the design brief and the extent to which 
product requirements were determined from an initial consideration of user issues during 
concept development. In all design domains, these are the periods during which ergonomics 
can have most impact, and are the ones the systems were designed to support. 
7.4.3.2.1 Activity Logs 
Activity logs, or diaries can provide a useful means of gaining an overview of the conduct of 
a process, which might occur in several locations, over a period of time. Although activity 
logs have not been widely used in studies of design activity they have been applied to study 
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behaviours or activities which occur over a period of time (Oppenheim, 1992) to reveal 
changes in behaviour. The nature of the assignment required much activity to occur outside of 
the experimental room, such as information gathering in the library and data collection. In 
student projects, such activities are not normally explicitly stated, unless in the project write 
up (when it might be assumed from literature citations that the student has spent time in the 
library). 
Just focusing on those activities in the experimental room would have produced a distorted 
picture of the project-related activities participants engaged in and would not necessarily have 
produced a true picture of the effects of the computer systems. For example, the ADECT 
template formed the basis of a questionnaire given to taxi drivers, searching the Internet 
provided insights into the design of a GPS (Geographical Positioning System). 
In assessing the utility of ADECT and the Internet, it was important to understand their use in 
this wider design context and their contribution to the flow of information through the design 
life cycle. The activity logs were therefore used to: 
" understand the place and function of computer support in the design process (e. g. if a user 
issue was highlighted which the participants did not know anything about, were the 
participants inspired to seek the answer, or did they just pass over it); 
" gain an overview of the design activity; 
" appreciate the amount of work undertaken in a project (which may help in the 
administration of marks); 
An example of an Activity Log is shown in Appendix 2.7. The main sections related to: 
1. Administration - date, time and duration of the activity, participants and the purpose of the 
activity (such as looking for information on elderly drivers, planning the final lay out). 
2. The nature of the design activity - in terms of principal activities engaged on such as 
planning and co-ordination, discussion, information gathering, designing. 
3. The focus of activity - the main aims of the session, e. g. overall vehicle design, user 
issues, display design. It was hypothesised that the initial sessions would have a more user 
focus and the latter a design one. 
4. Support material - materials referred to during the sessions, such as Internet sites, books. 
5. Assessment of design session - this question aimed at capturing the participants thoughts 
about the session and what they had learnt from it, in terms of tangible/direct outcomes 
e. g. plan agreed on, book read; intangible/ indirect outcomes e. g., resolved ambiguities, 
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linked to other students, developed interest in new research field; overall rating of session 
as either successful, satisfactory (okay) or unsuccessful, with reasons. 
Activity logs or diaries are subject to a number of biases such as misunderstandings, reduced 
motivation to complete over long periods of time, not bothering to record activities of short 
duration (Stopher, 1992; Oppenheim, 1992). In order to reduce these, participants were given 
an introduction and explanation of the main sections when they were first handed the activity 
logs; provided with a booklet containing six sheets as a `starter pack' with additional sheets 
readily available; reminded at regular intervals to complete the logs; and to increase the 
motivation to complete, the submission of the activity logs was made a compulsory part of the 
final Assignment. 
All students submitted activity logs as part of their course work at the end of the project. The 
contents were collated into excel spreadsheets. Inspection of the logs indicated that some 
participants were more conscientious than others. Robson (1993) suggests that because of the 
unreliability of the entries, diaries should not be used as the sole method for collecting 
information. In this study, they provided information which could not have been gleaned in 
any other way (e. g. on what students thought they were doing in the sessions, what they felt 
about the sessions). This was used to provide an overview of the design process undertaken 
by each group, and was validated in the focus groups (e. g. where participants discussed data 
gathering at the Motor Show and interviews with taxi drivers) and breakdown analysis; if a 
session had been rated as unsuccessful by participants in the activity logs, the causes for this 
usually became apparent in the inspection of the video (e. g. participants became distracted 
when browsing the Internet, could not reach agreement over the design brief, had failed to 
make progress between meetings). 
7.4.3.2.2 Focus Groups 
Focus groups were used to enable the participants to explore and critique issues relating to the 
design process, information content, usability and the constraints placed on them during the 
design process. As this was part of a student learning experience it was important that the 
students received some benefit from participating in the focus group. These were seen as 
providing experience of focus group methodology, enabling them to draw on each others 
experiences and in the light of this, to reflect on and critique their own design practice. The 
assignment required that students review the usefulness of the design support tools compared 
with other methods of design support they had experienced and critique their own process. 
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Attendance of the focus group was compulsory and transcripts available for inspection for 
any who wanted to refer to them in their final report. 
Two focus groups were conducted with 6 and 7 participants respectively (one member from 
each design team was randomly assigned into each focus group). All participants knew each 
other, were familiar with each other's areas of work from the initial project summary 
meeting, and everyday conversation. Additionally each participant had used the DIS web 
pages and ADECT in the preceding month. 
Each focus group lasted 90 minutes and considered the same issues. A schedule of questions 
was prepared in advance to guide discussions and ensure coverage of all topics by both 
groups (see Figure 7-1). The issues related to: 
1. Design activity - stages of design activity, how the process was managed, the manner in 
which ADECT and the Internet were being used in the design process; 
2. Information content - whether the information available, in both ADECT and the Internet 
was useful and usable; 
3. System usability - again for both ADECT and the Internet, such as, ease of use, 
appropriateness. 
4. Experimental effects - whether the design process was affected (negatively or positively) 
by participation in the experiment, e. g., effects on design process, procedures and decisions, 
encouragement in the use of ergonomics. 
Participants were seated in a circle and were familiar with being videoed. 5 minutes was 
allowed for the introduction and debriefing, and 5 minutes for refreshments. This meant each 
focus group could be divided into 4 quadrants with 20 minutes being allowed for each 
quadrant. 
The starting point for the discussion was the participants' previous experience of design and a 
summary of the work they had conducted on the present assignment. These topics were 
chosen to put the participants at ease. The first half of the focus group dealt with items 
relating to design process and the depth of content of the information provided. A diagram 
showing the structure of the focus group remained in place for participants to refer to, so they 
could think about issues they would like to raise and understand the way in which the focus 
group had been organised. The second half of the session considered usability issues and 
broader effects of design support and the effects of the experiment on the design process. 
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The schedule followed the guidelines for constructing focus groups outlined in Stewart and 
Shamdanasi (1990), progressing from general to specific and most important to least 
important, avoiding structured or loaded questions. The moderator's role was to introduce 
items on the schedule, making sure all participants answered the most important questions. 
The schedule was adhered to fairly rigidly, although some latitude within each theme was 
allowed to enhance the flow of information, and for participant interaction. The moderator 
encouraged discussion of items that arose naturally without prompting during conversation. 
Discussions were recorded on video and audio (as a back up) for later transcription. In the 
analysis the content was reviewed and classified into themes based on the original discussion 
schedule. This ensured that analysis was structured from the data rather than post hoc 
classifications made by the researcher (Stewart and Shamdasani, 1990). Complete transcripts 
of the discussions cannot be included, however examples are presented where appropriate in 
Section 7.5 which illustrate the range of opinions and main points raised. 
7.4.3.2.3 Student Reports 
The assignment required the students to write a formal report comprising two sections. The 
first section was to contain their design for a Driver Information System. This had to include 
a clear identification of the user group being designed for, the user issues considered and 
initial concept designs; and the second, a critique of the design process the group followed. In 
relation to the investigation, the reports were mainly used for triangulation purposes, and to 
determine the extent to which ergonomics issues had been addressed in the final design and 
the overall process. 
The critique of the process, on its own, was not especially useful, as the students were not 
familiar enough with design practice to make valid comments, and were possibly afraid to 
embark upon a truthful retrospective analysis which might jeopardise their final marks. 
However, when combined with the activity logs, focus groups and breakdown analysis it 
became clear where problems occurred (in moving the design forward) and the reasons for 
these (e. g. failure to establish or work to deadlines, conflicts with other activities, design 
drift). All students passed the assignment. 
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7.4.3.3 System Usability Studies 
Three methods were used to capture and understand the usability issues relating to ADECT 
and the Internet. These were focus groups', SUMI questionnaires' and video and breakdown 
analysis. This section will concentrate on the video and breakdown analyses. 
7.4.3.3.1 Video Analysis 
Video analysis is used extensively in design research (Section 4.6), to capture information 
which will lead to an understanding of either the manner in which designers go about the 
business of designing (in order to develop systems to support various activities), or to provide 
insights into the way in which existing systems might be improved. In this particular instance, 
the video analysis was used to: 
1. understand the manner in which ergonomics was addressed in the design problem; 
2. consider the ways in which the support systems facilitated this; 
3. understand the difficulties which the participants had in fulfilling the design brief. These 
are not just usability issues. These were studied primarily through the use of breakdown 
analysis, with validation from the video transcripts. 
In the introduction to the assignment, students were informed as to the purposes of the video 
recording, and their permission gained to allow this. All sessions occurring in the 
experimental room were video-ed for later analysis, with audiotape back up. Participants were 
encouraged to ignore the video and to work in their normal manner. Evidence from the tape 
suggests that this was achieved! A verbatim transcription of the tapes was not essential for the 
analysis. Rather the tapes were analysed to show the type of design activity engaged upon, to 
determine: 
1. the length of time spent on ADECT, DIS and in non task related activities such as 
bonding; 
2. the proportion of time spent discussing product or user issues; 
3. the manner in which the different parts of ADECT were used (e. g., clarification of the 
design brief, the user and product trees, generation of the functionality matrix); 
4. the role played by Internet resources in the project. 
6 See Section 7.4.3.2.2 for a description of the focus groups. 
' See Section 5.6.2 for the Wammisco analysis of the DIS (Driver Information System) web pages and 
Section 6.9.2 for the SUMI usability study of ADECT. 
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The results were compared against the activity logs, student reports and focus groups to 
provide an accurate account of the manner in which the systems were used, the type of user 
issues discussed, and the way in which participants engaged in the project. 
7.4.3.3.2 Breakdown Analysis 
Breakdown analysis (Winograd and Flores, 1986) has been developed as an evaluation 
technique to provide diagnostic information from rich data (such as video and audio 
recordings). It has been applied to the study of usability issues per Se, problems which occur 
between users and most recently has been applied to the study of environmental and 
technological breakdowns (Lee, 2000). 
Breakdown analysis provides a systematic and fast means of approaching large quantities of 
communication data, identifying those areas which highlight problems and relieving the 
evaluator of the task of consulting or becoming an expert in a more complex form of 
conversational analysis or HCI. In their paper Scrivener et a! (1996) define a breakdown 'as 
the moment when the user becomes conscious of the properties of the system and has to mentally breakdown or 
decompose his or her understanding of the system in order to rationalise the problem experienced'. 
Such problems can be identified by a break, or discontinuity in the discourse, during which 
participants are required to step outside of the current task, to address the problem. This 
discontinuity can also become manifest in the behaviour of the individuals (Woodcock and 
Scrivener, 1999), for example when the audio channel is unable to support normal 
conversation designers adapt their behaviour either by shouting or switching to another 
channel. 
One of the benefits of breakdown analysis is that it does not require detailed transcription of 
the tape, but focuses on those issues where participants become conscious of the problem, 
either through their verbalisations or actions. From a methodological perspective, during co- 
operative working, verbalisations occur naturally, and usability issues (e. g. poor interface 
design) are raised during the course of a session. Therefore, this form of analysis does not 
require `unnatural' behaviour from the user. 
Breakdowns may be classified in terms of the TUTE framework - Task, User, Tool, 
Environment, (Shackel; 1981,1991). The aim of the classification method is not to assign a 
breakdown event into a neat slot (in some cases breakdowns are an interaction of several 
problems) but rather to enhance the quality of the information regarding its nature. The 
interactions resulting from the employment of this framework are summarised in Table 7-2. 
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Woodcock and Scrivener (1997), in their evaluation of a Multimedia Network Application for 
the fashion industry concluded that breakdown analysis provided a richer and a more accurate 
recording of usability problems than questionnaires. When used to support a usability 
questionnaire such as SUMI, the triangulation of methods provides a very rich description of 
the problems experienced by the users. 
Table 7-2: Framework Used to Describe Breakdowns 
CATEGORY DEFINITION 
User -Task The user has either difficulty in understanding the task, or in 
accomplishing the task 
User -Tool The software/hardware lacks sufficient functionality for the user to work, 
or has not been written in a manner which is intuitive to the user. 
User - Environment The environment, at its simplest may be taken as the immediate 
surroundings of the user. However, software can also run under different 
environments (e. g. bandwidth configurations) 
User - User Historically this has been the most well defined category. Typical issues 
involve problems with the sufficiency of the message, clarity, 
comprehension, attention, co-ordination and feedback. These are 
frequently exacerbated during distance working, and where participants do 
not share the same first language. 
Task-Tool The tool is inadequate to support all the tasks the user needs to carry out. 
Task-Environment The nature of the environment does not support the task which needs to be 
carried out 
Tool -Environment The tool does not operate successfully in the environment. 
The videotapes were analysed to identify those occasions where breakdowns occurred. These 
events were associated with the activities engaged on (especially in relation to computer 
usage), the context in which they occurred (e. g. whether breakdowns occurred during the use 
of the Internet, or ADECT) and, where possible, were classified in terms of Table 7-2. Only 
those interactions occurring during the use of ADECT were finally considered in this manner. 
The video analysis in itself clearly demonstrated Internet related problems, and usability 
issues of other systems such as Windows Explorer and PaintShopPro are beyond the bounds 
of this research. 
Computer logs 
These were taken automatically and consisted of a history of Internet sites visited, and 2 
minute back ups of sessions on ADECT. As the software was still in its test phase this 
safeguarded student work should it be irretrievably lost during a system crash and was also 
used to aid in the tape transcription. No system crashes occurred during the trials. 
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7.4.3.4 Computer Support Tools and the Integration of Ergonomics Information 
In the Design Process 
The role of the computer support tools and the manner in which the integration of ergonomics 
occurred within the design process, was studied by combining data obtained through the 
focus groups and the analysis of the video tapes and student reports. This enabled the 
construction of a detailed picture of the differences and similarities between the groups in 
terms of their use of computer support and the extent to which these contributed to user 
centred discussion. 
7.4.4 Triangulation 
The data collection methods outlined above have their own inherent weaknesses. By using 
them together it is hoped that these can be reduced, the quality of the data enhanced, and a 
greater understanding achieved of the phenomenon under study (Lincoln and Guba, 1985), in 
this case the use of ergonomics in concept design. This is known as triangulation. Denzin 
(1978) suggested four different types of triangulation: 
" through the use of multiple methods (as in this case); 
" through the use of a variety of data sources; 
" through the use of several investigators; 
" through the use of different theories to interpret a single set of data. 
In methodological triangulation, four means have been identified (Wolff et al, 1993) in which 
the data can be used to support and complement each other, thereby providing a richer picture 
of the phenomenon under investigation: 
" where one technique may be used as a precursor to another; 
" where one technique may be used shortly after another to evaluate the first technique (for 
example, the breakdown analysis could be used to evaluate the responses given to the 
usability questionnaires); 
" where techniques are used in sequence to corroborate, or explore in more depth, the 
initial data collected; 
" where different techniques are used to gather information from the same respondents 
simultaneously (which is the case here). 
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In the following sections it is hoped to show that the results from the data gathering methods 
used do converge to tell a story, and that this may be taken as an indicator of their validity 
(Butters, 1998). 
7.4.5 Summary 
This section has detailed the data gathering methods used to study the way in which 
ergonomics was supported in the design task, (i. e. the design of a Driver Information System 
for Car 2010). Of prime interest in the next section is the role of the ergonomics decision 
support system, ADECT. The results from the focus groups and breakdown analysis are of 
particular pertinence to this issue. 
Unfortunately, the participants did not use the DIS site in the experimental room so little 
further comment can be made concerning the usefulness of the site, except for issues 
mentioned in the focus groups. However, much data was gathered about the way in which the 
Internet in general was used to support design activity, which may be considered relevant to 
issues surrounding the use of on-line information in design tasks. 
7.5 Results 
This section opens by reviewing the participant details, before providing an overview of the 
overall design process and the activities undertaken during the evaluation. It is followed by a 
critique of the design process including the impact of the computer support tools, and the 
usability issues which emerged from the focus groups, video and breakdown analyses. The 
section concludes with an examination of the extent to which user issues were integrated in 
the final report and throughout the process. The presentation of the results in this manner 
requires combining findings from the different methods. In cases where this does not impose 
restrictions on the flow of the narrative the sources of the information will be acknowledged. 
Although the results may be considered from many different perspectives, attention will be 
placed primarily on those issues relating to ADECT usability and the extent to which the 
system supported participants in their consideration of ergonomics during the early stages of 
design activity. Of secondary consideration is the efficacy of the Internet in providing 
material that may be used to inform and stimulate design activity and discussion. 
7.5.1 Participant Details 
The participant details are summarised in Table 7-3. No correlation was found between any 
of the background variables, although there was a weak, positive association between the 
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length of computer experience and the number of facilities/different types of systems 
experienced. The overall marks awarded did not correlate with computer experience or group 
membership. Most of the participants were familiar with computers and had machines at 
home. 
Table 7-3: Overview of Participant Details 
VARIABLE RANGE 
Age range 18-33 years, modal range 18-21, median age range 22-25 years 
Sex 3 women, 10 men 
Years of computer experience mean 2 years, mode and median 3-5 years 
Extent of familiarity with All familiar with basic computer functions, several had home 
computers computers 
Attitude to computers All thought that computers would be helpful in their careers and 
would be important for them to get a job. 
Design experience This ranged from no experience of design or ergonomics (4), 
through to three years of product design engineering experience (1). 
4 students had previously undertaken a year in industry where they 
had variously conducted analyses of virtual reality systems, military 
aircraft applications (sonic laser detection), work at the Design 
Centre at IBM, and workplace design for Ministry of Defence. 
Design teams 5 pairs, 1 trio. The trio was all male and one of the design pairs all 
female. 
Nationality One Norwegian with high level of proficiency in spoken and written 
English 
In terms of the overall group characteristics, most of the students knew each other, and most 
who had experience of team-based working managed their sessions well. The majority of 
sessions were rated as either `okay' or `successful' (activity logs). In terms of their levels of 
experience, age and attitudes towards new technology the participants were believed to be 
similar to those who might be responsible for the incorporation of ergonomics in design 
projects in industry. As such they might use on-line guidelines and ergonomics information to 
increase their knowledge levels, and might use an ergonomics decision support system to 
organise and integrate this information. In comparison to the automotive designers and 
engineers originally surveyed, it is believed that these participants were less likely to require 
convincing that they need to address ergonomics issues at the start of the design process, but 
would have had less actual design experience. 
Table 7-4 summarises the group characteristics, the design topics they selected, and the 
abbreviation, which will be used to refer to them in the text. The results emerge within the 
context of group working so the characteristics of the group should be borne in mind during 
interpretation. Two of the groups may be identified at this time as being worthy of special 
consideration. 
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G4 never successfully worked together as a group; they were not able to organise themselves 
to work in the experimental room; one member of the group displayed negativity towards the 
other (in the focus group) because of failure to keep appointments; they worked as individuals 
throughout most of the project (at least until the last two weeks); displayed the lowest levels 
of satisfaction in their joint meetings; and never came to terms with the requirements of the 
assignment. As they could not meet at the University, they requested individual copies of both 
ADECT and the on-line guidelines, which they ran on machines of too low a specification for 
optimum performance. 
Table 7-4: Summary of Design Groups 
GROUP AVERAGE GROUP CHARACTERISTICS DESIGN TOPIC 
GROUP MARK 
Group 1 (G1) 67 Mixed duo (gender and nationality) Car for the elderly 
Group 2 (G2) 67 Female duo, friends Town/urban car for 
elderly 
Group 3 (G3) 75 Male trio Taxi cabs 
Group 4 (G4) 53 Male duo General purpose 
vehicle 
Group 5 (G5) 66 Male duo Police car 
Group 6 (G6) 63 Male duo, 1 had little experience of Electric sports car 
team working, computers or 
ergonomics 
G6 was comprised of one student ergonomist and a systems engineer who had little 
experience of computers, team working or ergonomics. This meant that his fellow team 
member, who might be assumed to be more knowledgeable on some of the important 
background characteristics, could to a certain extent manipulate him. The analyses throughout 
this chapter show that the behaviour exhibited by this group differed from that of the others in 
a number of ways; for example, they had the highest number of user-user breakdowns, were 
the most highly distracted in their use of the Internet, chose not to use the ADECT template 
when constructing their user trees, and were the least user focussed. 
7.5.1.1 Internet Experience 
The questionnaire shown in Appendix 2.5 was administered in full to participants at the start 
and end of the study. The analysis proceeded by selecting those items considered to reflect an 
attitude towards the Internet rather than relating to browsing strategies (which was not the 
focus of this study). The remaining items were categorised as being associated with either 
positive or negative attitudes towards the Internet. 
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No extreme positive or negative views were expressed towards the Internet at either the start 
or the end of the study. A matched pairs comparison could not be used as not all participants 
returned their sheets. The results were pooled and the main trend is shown in Figure 7-2 
below. 
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Figure 7-2: Pre and Post Study Attitudes Towards the Internet 
Figure 7-2 shows a shift towards more negative attitudes to the Internet in general after the 
participants used it in their projects (no significant differences were found on the answers to 
any individual questions). It should be noted that this Figure relates to the Internet in general, 
not the Driver Information System web site. 
On the surface this result appears to run counter to one of the central hypotheses of the 
research, concerning the excellence of the Internet for the creation and dissemination of on- 
line documents. It is a result that also echoes that found by Balm (see Section 5.5.2.3). Both 
the participants in this study and the technical writers in the previous study were initially 
enthusiastic about the use of the Internet. Indeed all participants elected to use the Internet in 
their work. Unfortunately, the focus groups and video analysis show that for many of the 
participants working with the Internet proved to be fruitless, frustrating and a waste of time. 
Such experiences would lead to an expression of a less favourable attitude after the study. 
7.5.1.2 Attitudes to Computers 
The trend, shown in Figure 7-3 shows a movement towards a slightly more favourable 
attitude to computers being displayed after the completion of the study. This trend was 
exhibited by 7 of the 9 participants who returned both pre and post test questionnaires. The 
results did not reach a level of significance. 
Although all the participants could be rated as computer literate, and competent in the use of 
input devices and interface navigation, the experimental trial did inadvertently engage them in 
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additional computer tasks such as searching for files, using software they may not have been 
familiar with (such as PaintShopPro), which they did find difficult (as shown by the video 
analysis). However, these tribulations did not detract from their overall, pro computer 
attitudes, and indeed, using a completely different system to one they had encountered before 
proved challenging and contributed to the expression of more favourable attitudes. 
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Figure 7- 3: Pre and Post Study Attitudes Towards Computers 
7.5.1.3 Summary of Participant Details 
The participants differed from the target user population in a number of dimensions, such as 
age, design experience and knowledge of ergonomics. However, a substantial number had 
worked in industry and all were aware of the standing of their chosen profession ''is ä vis 
design and engineering. Their attitude towards computers in general and the Internet in 
particular was considered to be the same as that of designers and engineers. 
The initial enthusiasm towards the Internet dropped over the course of the study, whilst that 
towards computers in general slightly increased. Although these results did not achieve a 
level of significance, they are noteworthy, and can be explained in relation to the Frustrations 
experienced in the use of the Internet, and the mastery of new computer skills. 
Two last points need to be taken forward from this section relating to the context in which the 
computer support tools were used and the discussion of user and product issues. Firstly the 
activities took place within a learning environment. This required students to learn how to use 
and apply the computer support tools (ADECT and the Internet) in their assignment as well as 
the possible components, functionality etc. of a Driving Information System. Secondly, the 
participants worked in groups, as indicated in Table 7-4. This increases the validity of the 
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study, but means that all results have to be interpreted as a function of group working. This 
second point is one that will be returned to in the following sections. 
7.5.2 Overview of the Design Process 
This section draws on the findings from the focus groups, student reports, activity logs and 
the video analysis to look at the topics addressed, the activities undertaken and the manner in 
which the design groups organised their activities. This forms the context for the use of the 
tools. 
7.5.2.1 Overview of Activities 
Using the activity logs it was possible to gain an overview of the manner in which the 
participants worked during the design project. The information presented in the activity logs 
was verified by information provided in the focus groups and the individual student reports. 
A more detailed analysis of design activities occurring in association with the computer tools 
is provided from the video analysis, and is of especial importance (see Section 7.5.2.2). 
Activity logs rely on the willingness and honesty of individuals to report their activities. 
Bearing this in mind, the Figure 7-4 shows the number of sheets completed by the 
participants (one sheet should equate to one activity). In just under a third of the sessions the 
participant recorded working on their own, although it cannot be inferred from this that other 
participants did not engage in similar activities. As well as a tendency to under report short or 
insignificant activities there might have been some over reporting as the Activity Log was 
submitted as part of the assignment (although it did not contribute to the marks). G4 reported 
the lowest number of meetings. 
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Figure 7-4: Number of Sessions Undertaken 
Figure 7-5 shows the length of the sessions. The shorter ones were planning sessions, e. g. 
agreeing verbal reports, the focus of library searches. Longer sessions were undertaken 
normally in relation to data gathering (e. g. G2 spent all day at the London Motor Show, G5 
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spent all night on patrol with the police). The focus groups and video analysis of the session 
(where these activities were discussed) confirms the honesty of the self-reporting and the 
allocation and fulfilment of tasks by individuals. 
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Figure 7-5: Length of Sessions 
Participants rank ordered the most important activities which were undertaken during their 
sessions. Figure 7-6 shows these activities. The activity logs showed a progression from 
discussion, to information gathering and sharing through to data collection and designing. 
This can be seen as movement from the clarification of the design brief to discussion of user 
issues to concept design. 
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Figure 7-6: Principle Activities Undertaken During Sessions 
Figure 7-7 summarises the type of issues discussed during these activities. In this Figure 
`project related' includes planning and execution, `legislation' involves any discussion of 
ISO's and other standards (mainly by G6), `systems' relates to system engineering approach 
(mainly G4) and `product' to the Driver Information System itself. The amount of time 
dedicated to the discussion of user issues (when taken to include the driving task, 
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environment and legislation) was approximately equal to the amount of attention given to the 
product. 
Half of the sessions were rated as being successful. This was equated with meeting objectives, 
planning and having fruitful discussions. A session was rated `okay' if the work was perceived 
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Figure 7-7: Proportion of Time Engaged in the Discussion of User Related Issues 
as going slowly or was hampered by a lack of information, poor planning, lack of research, 
uncertainty in how to complete the design and disagreements over the approach to be taken. 6% 
were classified by at least one participant as being unsuccessful. Sessions were rated as 
unsuccessful when Internet downloads did not work, participants had not worked between 
meetings so progress was slow, information could not be found, participants went off at a 
tangent or failed to come to the meeting. This indicates the importance of planning and 
commitment to the project by the group participants. This was again stressed in the final 
reports. 
The direct outcomes reported were: 
" task oriented e. g. decisions made on who the users were, what their requirements were, 
what tasks they needed to do; 
" activity related e. g. browsing the web, producing reports, getting print outs, information 
gathering for example from brochures, learn how to use ADECT; 
" planning related e. g. develop a questionnaire for the next meeting, 
0 related to a sense of achievement e. g. the group had a sense of direction, was able to 
organise the work between themselves successfully (G3 and G5). 
The indirect outcomes were more subjective, e. g. bonding (G3), developing a feel tier the 
project and ideas to move it forward (G5), degree of satisfaction with the concept design (G1). 
7.5.2.2 Computer Centred Activities 
The previous section provided an overview of the entire process undertaken by the participants, 
which provides the context in which the computer systems were used. Before considering in 
more detail the use of ergonomics during the design process, it is necessary to introduce the 
type of activities undertaken around the computer tools. All activities occurring in the 
experimental room were recorded. These activities were usually focused around the computer 
screen, which may or may not have been referred to during discussion. 23 sessions took place 
in the experimental rooms, totalling some 1772 minutes of video footage. 
Figure 7-8 below summarises the proportion of time the groups spent engaged in various 
activities in the `experimental room'. `Noncomputer activities' related to bonding and time 
management/planning activities (15% of this figure). Other systems used included Windows 
Explorer, Notepad and PaintShop Pro in particular, which was used for printing. Internet usage 
accounted for about a quarter of the time, and ADECT related activity accounted for just under 
half the time. The ADECT segment of Figure 7-8 represents both time spent in learning to use 
the system and its application to the task. This figure demonstrates that participants could talk 
with some authority about the use of the Internet and ADECT in the context of a design task, 
thereby adding validity to their usability ratings and focus group discussions. 
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Figure 7-8: Computer Focused Activities 
In Figure 7-9, this overall pattern of activity is broken down by group membership to show the 
proportion of time individual groups spent engaged in searching the Internet, using ADECT, 
bonding and task management. The 'other' category has been omitted for reasons of clarity. 
This Figure shows marked differences in group behaviour: 
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" G6 are notable for the reduced amount of time they spent on ADECT, reasons for this are 
explained in the section below. 
0 G2 spent a large amount of time looking at the Internet. This was due to their persistence in 
trying to access a GPS site that was not downloading properly. 
" Although G4 appear to be spending a lot of time on ADECT, this was not the case, as the 
data has been derived from only two sessions of short duration, and at one of which only 
one person was present. 
" G3, the male trio, investigating a Driver Information System for taxi cabs, was the 
strongest, most work oriented of the groups and spent the highest proportion of time 
considering project management. The activity logs for this group show that the team 
members left sessions satisfied with the work they had conducted, knew what they were 
doing next, and achieved the highest level of marks in the assignment. 
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Figure 7-9: Activities by Group (in Experimental Room) 
The columns relating to Internet usage relate to the total amount of time spent using the entire 
Internet, i. e. not just the DIS web pages. The video analysis showed that in using the DIS site, 
participants quickly browsed through the contents to see what it contained and once satisfied 
they left the site to perform their own more product related searches (or followed the links 
provided by the site), returning to the DIS site later to either print it out, or copy it onto floppy 
disc to take home. 
In the video analysis, a content analysis was performed to discover whether the participants 
were addressing user or product issues in their discussion. An utterance was classified as being 
user centred if it was oriented towards understanding who the users were, what their needs and 
requirements of the product were, and how they would be using it. A product centred 
discussion on the other hand concerned styling, the product features which the solution should 
have without reference to user issues. Obviously, a lot of the time both aspects were being 
addressed concurrently, or the conversation flowed from a discussion of user issues to the way 
in which they could be realised in the design. 
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Figure 7-10 shows that a significant proportion of the discussion was user related ('other' 
relates to bonding, project management and `computerspeak'). As this section is concerned 
only with providing an overview of trends a more detailed analysis, in terms of the shift from 
user to product related issues during the course of the design, and the extent to which these 
were `inspired' by ADECT or the Internet will be addressed in later sections. Figure 7-11 
breaks this down in terms of group membership, in a similar way to the overall activity results. 
The columns of most interest relate to the user and product issues (again `other' relates to 
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Figure 7-10: Proportion of Time Spent Discussing User Related Issues 
bonding and time management issues). The results indicate that most of the groups spent the 
majority of their time engaged in discussion of user issues, as previously indicated in Figure 7- 
10. The data for one of G4's sessions was based on inference, as the participant did not talk 
(i. e. analysing computer activity and confirming this through discussion with him afterwards). 
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Figure 7-11 Focus of Discussions (in the Experimental Room) 
G6 did not follow the pattern of the other groups. Figure 7-9 also shows that their use of the 
Internet was proportionately higher than that of the other groups. As already mentioned, this 
group comprised of an ergonomics student and a system designer who had little computer, or 
group working experience. Initially it would seem that this result might be a simple artefact of 
this relationship - i. e. the ergonomist had little chance to pursue a user centred design 
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approach because of his design partner. Evidence from the breakdown analysis (detailed in a 
later section) shows conclusively, that this group were not only sidetracked by the use of the 
Internet into looking at car designs (Top Gear sites) and traffic offences (searches of police 
sites) by the computer/ergonomist expert, but that it was the non-ergonomist who repeatedly 
tried to initiate user centred discussions and refocus the group. 
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Figure 7-12: Discussion of User and Product Issues by Participants 
This is shown clearly in Figure 7-12 derived from the video analysis. This shows the relative 
amount of time each participant spent discussing user and product related issues. P6: 1 (one of 
the participants in Group 6) shows the greatest discrepancy between the amount of time spent 
considering user and product issues. From his background, this would not have been expected. 
The participants in Group 4 (P4: 1, P4: 2) and P1: 1 had a similar, though less extreme profile. 
The actual amount of time spent discussing user issues is shown in Figure 7-13 and ranged 
from 10 minutes (P1: 1) to 264 minutes (P5: 1), whereas the amount of time spent discussing 
product issues ranged from 9 minutes (P2: 2) to 138 minutes (P5: 2). It should he noted that this 
relates to the amount of time discussing these issues in the experimental room, not overall. 
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Figure 7-13 Discussion of User and Product Issues 
The extent to which these discussions were inspired by items on the computer screen (Figure 
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P1: 1 P1: 2 P2: 1 P2: 2 P3: 1 P3: 2 P3: 3 P4: 1 P4: 2 P5: 1 P5: 2 P6: 1 P6: 2 
7-14) showed that G6 engaged in conversations which related to outside activities (such as 
employment) or were tangential to the project. G1 also had a considerable amount of non 
task, non computer focused conversation inspired by their cultural diversity. G2 on the other 
hand were heavily task focused. They met regularly as friends outside of the experimental 
room so did not have to use these sessions to `bond'. Additionally, a lot of their discussion 
when using ADECT was centred around understanding the template in relation to the task in 
hand, reading the notes which explained template items. They were therefore task focused 
and using the information contained in ADECT. 
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Figure 7-14 Discussions Inspired by Computer Information 
7.5.2.3 The Design Brief and Choice of Topic 
The focus groups revealed a mixed reaction to the design brief, with some participants happy 
with its openness and some preferring a more structured brief. The task represented a 
departure for the participants in that they were free to imagine. These difficulties are reflected 
in the activity logs and project reports, which showed that earlier sessions were spent trying 
to scope the design. Groups used different strategies to arrive at their design topic, such as: 
0 Deciding on the type of car first. For example, "Actually the first thing we did was to decide what 
sort of car we wanted to design for and what would make it a bit different, so we suggested a sports car but 
bearing in mind that its for the year 2010, we decided to make it electric. " and "... reducing emissions even 
further. So we thought right, lets do an electric sports car and once we thought of that we said, Ok, users. " 
(G6) 
0 Focusing on the users. For example, "My group focused on elderly drivers, because we see it is a 
problem for elderly drivers to drive today, and there will become more elderly drivers in future and also that 
if we make it possible for an elderly person to drive then it will get better for other people. " (Ei 1 
" Opportunistic. For cxamplc, "Started off doing a general family type car but that turned out to be too 
general and waffly, then one of us went down to Loughborough police station and came across the traffic 
police....! " (G5) 
0 Technology inspired. For example, ".... thought about the available technology, and whether a lot of 
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the design is going to be technology driven and just how much automation a driver wants or can handle.... " 
(G4) 
7.5.2.4 Proceeding with the Design 
After deciding on the topic, the groups brainstormed "to get some kind of direction, where you are 
going and who you are designing for, " (G5). These early sessions were used to constrain the design. 
The discussions typically centred around the users e. g. elderly drivers, taxi drivers, the type 
of information which was needed in the car, the tasks e. g. "police car... we looked at the placement of 
things, operations which policemen carry out such as escort duties, traffic and speed traps, " (G5). 
The video analysis clearly shows that ADECT was used as means of focusing these 
discussions, and that they typically first occurred when the participants were using the 
Product Strategy Form (see Figure 6-9). The transcript below is typical of the way in which 
this process evolved. 
" we sort of stuck it down (in strategy). Put down what sort of vehicle it was, the user group we settled on. The 
primary users being between 35 and 65 years old. The reason we chose 65, we originally thought of 55, then we 
thought well you see more of slightly older people driving vehicles that are sort of sporty and we were thinking 
that they are gradually getting older and also healthier, so people are going to be driving for longer, for that 
particular vehicle you could move parameters slightly backwards and, but once we'd got that we thought right, 
what do we need now, and we know where to go looking and that was how we did it really. " (G6) 
The questions raised in the Product Strategy Form were challenging to the participants and 
continually referred to, especially when the design seemed to be drifting or when it appeared 
that the issues were being glossed over. This is clearly demonstrated in the breakdown 
analysis, when participants would disengage themselves from their current discussions to 
reconsider whether they were task focused. 
Once a topic had been agreed, there followed a period of fact finding (e. g. books, brochures), 
and data gathering: G2 went to the London Motor Show to gain ideas on future vehicles and 
the sort of DISs which were being developed; one group interviewed car owners in 
Sainsbury's, another did a task analysis; G5 spent the night out with the police; G1 did a task 
analysis, G3 constructed an interview (based on ADECT) to give to taxi drivers. 
"we can't design a taxi cab as an ergonomist if you don't talk to them. It seems pretty pointless otherwise. So we 
went to talk to three or four of them last week. It was actually quite interesting, like they sit in their taxi rank, 
right, for about 40 minutes doing nothing and then like they get a fare for about three minutes, and then they go 
back to doing nothing again, so one bloke, we said what's your first language, and he said what do you want it to 
be, he can speak four languages fluently and he's learning some more stuff... " (G3) 
Interviewing users was seen "as really useful actually, there was a lot of stuff we hadn't thought about and 
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confirmed a lot of the things we thought, " which, given the background of the participants, produced 
a high level of agreement in the focus groups. 
ADECT was used as an integral part of the design process, Figure 7-15 details the proportion 
of time spent on each stage of ADECT (G4 used ADECT in their home environment for the 
most part, and evidence from the video analysis indicates that G2 had learnt to use ADECT on 
computers outside of the experimental room). 
In Figure 7-15, `strategy' equates to clarification of the design brief, which was normally 
followed by a discussion of user issues and the building up of a user tree. This was 
accompanied by a consideration of product requirements, leading to the development of the 
matrix as part of the product specification (although not all groups followed through to this 
stage). 
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Figure 7-15: ADECT Usage 
In Figure 7-16, ADECT usage is broken down by design groups and individual sessions, e. g. 
GI had 4 sessions (denoted 1: 1-1: 4). All sessions are shown. A blank column indicates that no 
ADECT activity took place (i. e. in sessions 2: 2,4: 2,5: 2 and 6: 3). The different ADECT 
related activities are represented by different coloured segments of the columns. The Figure 
illustrates that all groups commenced their design by considering the Product Strategy, then 
addressed the user and product issues, with four groups attempting a final matrix (i. e. 62, G3, 
G4 and G5). The Figures shows an orderly progression through the stages of the design i. e. 
strategy occurred before the consideration of user issues, and these were in turn discussed 
before the product requirements. G6 spent the least amount of time on ADECT. 
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Figure 7-16: Use of ADECT in Individual Sessions 
7.5.2.5 Critique of the Design Process Undertaken 
In their final report students were required to critique their design process. Attention was 
typically centred on three issues; planning, use of ADECT and the Internet. 
7.5.2.5.1 Design Activity 
Most of the groups felt that they had not spent their time as usefully as they should. For 
example: 
" poor planning, "too much time was spent on researching the user characteristics and standards rather 
than on the actual product. No definite structure was followed. A timeline may have helped in organising 
the work better" (G 1). 
" design drift, G5 felt they drifted too far into the technology and functionality of the system. 
A member of G6 admitted "the use of research time was in hindsight not as effective as it should have 
been. The temptation was to be side-tracked by exciting new technologies without putting the users needs 
first. " 
" too much attention to user issues and not enough time left to produce and evaluate concept 
designs. G2 in particular, felt that they had spent too much time discussing user issues. 
However, an inspection of the videotape shows that all these discussions were in fact 
relevant to the task in hand. 
None of the groups gave a clear explanation of the design process they had followed. However, 
most groups progressed through identifiable stages: clarification of the design brief, to 
determine the user groups followed by an elaboration of user issues, mediated 
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through exploration of the Internet, library, data collection and information gathering from 
target user populations, through to concept design. Movement through the design was 
characterised by group discussions and periods of individual work (such as searches at the 
library, task analysis). No group attempted an evaluation of their concepts, although most 
wished time had allowed for this. 
In relation to the main body of the report, all groups, except G4, produced a Driver 
Information System designed to address some of the needs of the target user group. The data 
provided by this group in terms of the activity logs, final reports and video tapes seems to 
indicate that they did not follow the same design process as the other groups. Their final 
report argued that human factors showed technology (such as in-car displays) was not wanted 
and intruded on the primary driving task. 
Triangulation of other methods shows that similar points were raised in the activity logs. 
Meetings were rated as unsuccessful when nothing definite had been discussed or planned. 
However, the activity logs and video analysis indicate that the groups did spend time on 
planning and management, and were perhaps over critical in their retrospective analysis. 
7.5.2.5.2 ADECT 
All groups attempted to use ADECT, although only three seriously attempted a functionality 
matrix (see Figure 7-16 above). Reasons for discontinued use included: 
" technical problems and time conflicts. GI felt that the system was too complicated to 
learn within the timescale of the project. This group had made good initial progress with 
the system but were put off further use by technical problems associated with printing and 
locating files. 
" the participant who controlled the computer in G6, was overconfident, elected not to use 
the template and floundered in his attempts to construct a substantial user or product tree. 
At this stage the group abandoned the system. 
" G5 used ADECT to support the initial stages of the design. After the initial clarification, 
investigation and discussion of user issues they felt the "design process seemed easier to pursue 
through group discussion and paper based notes. ADECT did not present or support the goals or timescale of 
the development process in a sufficient manner to ensure continued use". This is taken as indicating a 
need to provide additional support material, similar to that developed for the paper based 
version which would guide the team activities and tell them explicitly what to do if they 
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do not have sufficient information about a particular user characteristic. The group did 
acknowledge that ADECT might have been useful in preventing later team conflicts over 
decisions about which product requirements to include in the final concepts. 
Benefits associated with using the system included: 
1. Confidence in knowing that all user issues have been considered (G3) as such issues "can 
easily be looked over, even by an ergonomist" . 
2. Organisational benefits were found in the later stages where ADECT was used to 
structure "design work and assign priorities" and to formulate tables for tasks and their 
problems, product requirements and the design solutions. Additionally G2 felt that 
"ADECT made us sit down and think about what all the information meant in terms of user characteristics 
and product design. In the same way I think that ADECT could help designers without ergonomic training to 
focus their ideas around the user instead of going off on a creative tangent". From which point they 
interviewed the taxi drivers based on ADECT and their previous information gathering, 
"the drivers provided knowledge, that was unobtainable elsewhere, regarding the day to day tasks and skills 
required to be a taxi driver". In terms of the overall design of ADECT, this group would have 
preferred an expert system rather than a GUI, which would have asked questions about 
who the main users were, rather than presenting this information as a tree structure. They 
also thought the system, as it stood was useful as a rapid prototyping tool. 
7.5.2.5.3 Driver Information Site Web Pages 
All groups found the DIS web pages useful. 
7.5.2.5.4 Internet 
The Internet was, on the whole, rated poorly in the student reports. The reasons for this are as 
follows: 
1. The Internet was seen "as an advertising tool, not a design tool", used by companies as an 
electronic means of disseminating information found in brochures. Such information was 
usually at too superficial a level for the more serious user. 
2. This superficiality of the information was not just restricted to commercial web sites. For 
example, in their design of a Driver Information System for the traffic police, G5 had 
based their design on their own knowledge and information on the Internet. When they 
actually interviewed the police their level of understanding was lacking. 
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3. Difficulty in finding required information. G3 struggled to curtail their Internet usage. An 
inspection of the videotapes showed that they intended to use the Internet to search for 
information about taxi's, with a view to discovering contact names and addresses. Their 
searches produced a variety of information, not always relevant to the topic they had 
entered. Although they did find some contact details, they chose to abandon the Internet 
in favour of creating a focused questionnaire (based on the ADECT template), which they 
gave to taxi drivers they found in the local taxi rank. 
4. Failure to prevent design drift. G6, in particular were seduced by the Internet and in the 
end could only reflect that "overall the contribution of the Internet to our project didn't quite live up to 
our expectations". 
These experiences and the data from the video analysis confirm and explain the results from 
the Internet questionnaire, which showed less favourable attitudes towards the Internet after 
the experiment. This might reflect both the quality and quantity of information available in 
relation to the design problem, or might reflect the inability of the participants to harness the 
Internet's potential and remain focused on their work. 
7.5.2.6 Summary of the Design Process 
The analyses in this section have illustrated the way in which different groups and individuals 
conducted the design task. The activity logs showed that the students put a lot of work into 
the assignments, and that the majority of this did not occur in the experimental room (i. e. was 
not recorded and may not have been computer focused). Those groups which spent time 
planning and organising their work had greatest levels of overall satisfaction (section 7.5.2.1). 
The activity logs also showed an orderly progression by all design groups from discussion of 
the design brief, through discussion of user issues and data gathering through to the 
formulation of design ideas (at which stage this analysis stops). 
1722 minutes of video were analysed (section 7.5.2.2) to determine the extent to which the 
Internet and ADECT were used, and the amount of time spent in the discussion of user and 
product issues. As a whole the group spent approximately 14 hours learning and using 
ADECT and approximately 7 hours on the Internet. This meant that they could speak with 
some authority on both items in the focus groups and usability assessments. 
Figures 7-9 onwards indicate that there were substantial differences in the manner in which 
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the students used the computer resources at their disposal and the extent to which they 
considered user issues during the design'. The analysis does indicate that there was a greater 
amount of discussion of user issues, and that this, in many instances, was inspired by the 
material on the computer. 
The student reports indicated that the students were not happy with the progress they had 
made on the assignment, and that this was mostly attributable to their lack of organisational 
skills. All the groups used ADECT, and where they had chosen to stop using it, their reasons 
were justified. Those who did use it clearly saw the benefits in terms of surety of having 
considered user issues. The video transcripts indicate that the participants worked through the 
ADECT template, point by point, discussing each user issue in relation to the product they 
were designing. 
The Driver Information System Web Pages were cited as a reference source, and were 
considered favourably when mentioned. No such favourable comments were found in relation 
to the Internet. 
7.5.3 Usability of Computer Support Tools 
7.5.3.1 ADECT° 
The following section should be read bearing in mind comments in the previous chapter 
relating to system usability (Section 6.9.2). The results presented here have been derived from 
a content analysis of the material provided by the two focus groups (described in Section 
7.4.3.2.2). 
7.5.3.1.1 Hardware 
Although the participants were informed that the system required a high specification 
machine (Pentium) and a screen resolution of 1024 x 768 they persisted in trying to run it on 
lower performance machines. Changes were made in the software to accommodate lower 
screen resolution (800 x600) but this additionally required changes to the machine 
configuration that the participants could not undertake. Running the system on such machines 
meant that participants were unable to get an overall picture of the work in progress as only 
half the window was visible at any one time. Also the system was very slow to update. 
8 It has to be remembered that computer and user centred work occurred outside the experimental room 
as well, so the graphs do not represent `all' user centred design etc. 
222 
Effective use of the system therefore required its use in the experimental room. 
Participants thought that installing the system on a laptop would increase its usability because 
"you could just take it around with you" and add to the system when you have ideas, or find out 
relevant information. 
7.5.3.1.2 Product Strategy Form 
The Product Strategy Form had been designed to aid in the clarification of the design brief. It 
was used by all the groups from the first session onwards and found to be quite helpful as 
"Sometimes you have to force yourself to ask the simple questions, lot of the time you wouldn't, but seeing them 
down the computer you think, I might as well put it in, and it was quite useful really. " 
7.5.3.1.3 User and Design Trees 
All groups except G6 used the template. It was considered useful as a starting point, for 
prompting discussions, generating ideas, designing questionnaires, and keeping focused. G6 
realised that "if we had stuck with the template and the things on it we might have remained focused a bit more, 
because we went off and did our own tree and sort of did things ourselves I think we went off at a tangent more 
readily. " 
On the whole the participants were comfortable with the tree structure and thought it 
compatible with their way of working, for example; "I think it is compatible, like if you look at a 
structured design process then you will do it one bit and then the other, but no design process is that rigid you 
should always be able to work on things and then go back again. So in that respect its good, but it does mean that 
you end up off the ground a bit, but then I think that is what everyone does in industry a bit anyway, to a certain 
extent... " On the other hand a member of G4 saw it as being restrictive "could make it multifactorial 
as regards the interaction between certain elements that would take it a bit further along the lines of pure 
ergonomics or applied ergonomics, and I say it is very simplistic having a check list but it does help you generate 
thinking along those lines" 
7.5.3.1.4 Functionality Matrix 
The participants did not comment on the matrix, other than to indicate that it should have 
been on a pop up window so that it could be referred to in conjunction with the user and 
design trees. Additionally it was thought that the screen should be redesigned so that the 
matrix has greater prominence, as the user and design trees do serve the matrix. It was also 
suggested that the matrix and edit windows should both be active at the same time to increase 
speed of data entry (this is not technically possible). 
9 All findings in this Chapter relate to ADECT v2.0 223 
7.5.3.1.5 Additional Facilities 
Not all the participants saw the tutorial notes (shown in the bottom half of the screen in 
Figure 6-10). Those who did felt that in some instances they were too general, although 
would be "useful for those with little knowledge of ergonomics". G2, who used them the most 
extensively, felt that "without them it would have been very difficult to have done a continuous piece of 
work". 
The accompanying user manual was read by one group and referred to successfully by a 
second. The remaining groups ignored it. 
7.5.3.1.6 Overall Usability 
Participants did not feel overloaded by the amount of typing required. Data entry was either 
shared or the responsibility of one person after discussion of items. This was confirmed by 
the video analysis. The analysis also showed that a lot of time was spent on achieving perfect 
wording and spelling, which had not been foreseen. 
A variety of design issues were raised such as putting more functions on the toolbar. The tree 
was generally found to be hard to edit, although the reasons for this were not clear, as it only 
required an item to be selected and deleted, also the participants did not always remember to 
use the short cut keys to perform editing functions. 
No feedback was provided on the save function to say that the project had been saved 
successfully. The worst feature of the system was the absence of cut, paste and undo 
functions, which was a source of irritation for all the groups. The following comment is 
indicative of the affordances which a paper based system offers over a computer based one 
"once you've typed something on the screen you are less inclined to scrub it out and start again, whereas if you 
brainstorm on a bit of paper ... I think there is always a danger. I can scribble something on a bit of paper 10 times 
and chuck it away, but if its on the screen you are less inclined to do that. " 
7.5.3.1.7 Support for the Design Process 
The manner in which the system was designed forced the participants to go in one direction, 
which they had never done before 10. However most of the participants seemed to welcome 
the structure that was provided, or would have liked more, such as being assisted in 
performing a task analysis. It was also suggested that an overview be provided which would 
indicate the order items needed to be considered and how much remaining effort needed to be 
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expended. 
7.5.3.1.8 Usability Breakdowns 
The focus groups and SUMI analysis provided a general overview of the usability issues. 
Breakdown analysis was used to provide more detail on the usability issues that occurred in 
each part of ADECT. A summary of these is provided in Table 7-5. 
Breakdown analysis was introduced in Section 7.4.3.3.2. A breakdown in this instance may 
be described as an event, which causes the participants to shift their attention away from the 
primary activity (in this case the design task). They become consciously aware of a problem 
in their environment, which impedes the flow of their actions or thoughts. When participants 
are working in design pairs such an event usually becomes manifest in verbalisations such as 
"I can't remember how to insert', `why has it done that'. 
Table 7-5 contains a summary of all such events occurring when the participants were using 
ADECT. This has been derived from an inspection of the video, in which such statements 
were related to the activities the participants were engaged on (e. g. tree editing). These were 
further classified in terms of the TUTE framework, outlined in Section 7.4.3.3.2. 
Table 7-5: Summary of Breakdowns in ADECT 
Part of System 
Breakdown Strategy User 
tree 
Product 
tree 
Matrix General 
ADECT 
Computer Total 
user - tool 10 99 2 12 13 7 143 
user - task 10 17 0 0 9 1 37 
user-user 10 18 0 0 11 0 39 
user - environment 1 1 0 0 7 19 28 
tool - task 0 6 0 3 3 0 12 
tool - environment 0 3 0 4 3 3 13 
task - environment 1 0 0 0 0 0 1 
total 31 144 2 19 46 30 272 
In Table 7-5, the term `General ADECT' refers to those breakdowns that could not be related 
to just one part of the system. `Computer' refers to problems participants experienced using 
other software, an analysis of which is outside the realms of this research., and the term `tool' 
may be taken as referring to ADECT. 
10 This might imply incompatibility with design activity. 
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The breakdown analysis shows very clearly that 50% of the problems related to the 'user tree' 
stage of ADECT, and that just under half of all the problems could be classified as user - tool 
issues, i. e. relating to the usability of the user tree. The product tree offered the same 
functionality as the user-tree, but was not used first or as greatly as the user tree, which 
explains why this did not have so many problems associated with it. The second highest 
number of breakdowns relate to the front screen, the product strategy, although the type of 
breakdowns here are shared between user - tool, task and user. 
Inspection of the transcripts reveals the reason for these patterns. User-tool/user-tree issues 
were high for three reasons: 
" specialist language - most of the groups had difficulty in understanding the meaning of 
terms such as `external constraints', `multi-task demands', `variability' and applying 
them to the current design task. This was not anticipated as all the terms should have been 
familiar to third year students, and explanatory notes were provided which explained the 
meaning of the term and the effects on product requirements. G2 spent a long time 
pondering on these issues and reading the explanatory user notes. The analysis also 
shows that some groups ignored these notes and G3 criticised their grammar. 
" functionality - four issues were raised by most of the groups and accounted for the 
majority of the problems; the inability to undo, cut and paste sections of the tree was 
frustrating for participants (especially when they accidentally deleted the central branch); 
the tree jumped unexpectedly when a new branch was inserted which was disconcerting; 
editing the names of branches was difficult; there was no feedback on the save function. 
These items were also raised in the focus groups (Section 7.5.3.1.6). 
" learning curve. Although the participants had been given a user manual and a 
demonstration of the system, they did not understand it as well as they thought when they 
came to use it. This was especially true of G6 who confidently deleted the template and 
tried to generate their own with no reference to the user manual. A higher preponderance 
of user -tool issues was found the first time the participants worked on this part of the 
system, which again demonstrates learning effects. 
Also related to the tree, but this time in relation to task-tool breakdowns, was the level of 
despondency expressed by the participants when they were faced with a very large tree 
structure. This has been classified as a task-tool issue (although there is considerable overlap 
in the categories which are used) because it relates to the manner in which the tool represents 
the task. One way of overcoming this at the interface was to collapse the branches so that the 
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size of the tree was hidden, or just concentrating on high priority issues. However, if all 
stakeholders in the design are to be considered then a lot of issues have to be specified. 
The system had been developed to relieve participants from a lot of typing. However, this was 
found to be an issue at both the tree and the product strategy level for all groups, who spent a 
lot of time retyping entries until they were grammatical and perfectly spelt. The following are 
typical criticisms made by the non-typists as they watched their colleagues enter text "terms 
must be scientifically correct, good is no good, " (G2); and "we could waste half an hour trying to think of 
something witty" (G5). G1 had additional problems in that one of the participants was Finnish, 
and insisted on doing most of the text entry. This accounted for a large proportion of the user 
-user breakdowns at both the front screen and tree level, as her colleague corrected her use of 
English and punctuation. 
However, user- user and user-task breakdowns are also found in the `General ADECT' 
category as well. These were almost exclusively generated by G6. Typical comments from 
this group included "we're designing round the product rather than thinking about the user". In the 
discussion about the design of the display for the Driver Information System, P1 shifts 
discussion away from what information needs to be displayed onto what it is technically 
possible to display. P2 comments, " we need to define what we are going to do before we can talk about 
this... " and again "ADECT is the tool not the answer, need to know what you are doing before you use it. " 
Although the participants were on the whole satisfied with the manner in which the sessions 
were conducted, in using both the Internet and ADECT "the person on the computer often did things 
on their own, not really listening to what was said..... ". 
7.5.3.2 The Internet 
Figure 7-8 showed that the participants spent just under 25% of their time engaged on Internet 
related activities whilst in the experimental room. The activities they engaged on in these 
searches can be broken down as indicated in Figure 7-17. Of the amount of time spent on the 
Internet only a quarter was spent actually reading the material found. Most of the time was 
spent browsing through web sites and lists of links (without actually reading the contents in 
detail); just under a fifth of the time was given over to non-focussed activities or non-task 
related activities (skimming through links which were totally unrelated to the task in hand but 
which had caught the browsers attention). A further 20% of the time was spent waiting for 
pages to load. Such periods, which in some cases amounted to very long periods of time, 
typically involved one, if not both participants sitting silently in front of the computer screen. 
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Figure 7-17: Proportion of Time Spent on Different Internet Related Activities 
It is therefore not surprising that participants expressed dissatisfaction with the Internet and 
their use of it. An inspection of the videotapes showed ample evidence for the sources of user 
frustration, without undertaking a full breakdown analysis. Users became frustrated with: 
0 the quality of information they found on the Internet. For example, full text versions of 
useful articles could not be accessed, which meant that participants were aware of 
potentially useful information but powerless to retrieve it within the lifetime of the project. 
Additionally apparently useful web sites, when downloaded contained only superficial 
information; 
0 their ability to find information pertinent to the design question; 
0 their ability to remain focused when browsing through sites; 
" impoverished software environments which meant links were missing, download times 
slow, and the necessary `plug ins' inaccessible; 
" poor site design, which meant participants were misled about content, had to wait 
unnecessarily long periods of time for superfluous images or animated gifs to load, could 
not read the text and did not know what to do once they had accessed the page; 
0 usability issues/learning curve which meant that even the most experienced participants hit 
the wrong buttons and failed to navigate/browse the sites as efficiently and effectively as 
they would have liked. 
7.5.3.3 Summary of Usability of Computer Support Tools 
The usability of ADECT was assessed via a standard usability questionnaire, focus groups and 
breakdown analysis. The results show that although the system was generally liked and did 
support the discussion of user issues in design, users found it lacked some of the 
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functionality they were used to (e. g. cut and paste", undo'), and found certain aspects of it 
difficult to use (e. g. editing the user trees). The results from the usability studies were fed into 
the next stage of the design process. 
A full analysis of the use of the Internet as a research tool is beyond the scope of this thesis. It 
has only been included in this analysis, because on-line delivery of ergonomics information 
was selected as the most appropriate means of providing designers with up-to-date 
information. Clearly, this study showed that people liked using the Internet, and thought it to 
be a worthwhile source of information. Equally evident is that the Internet presents many 
problems for its users. 
7.5.4 Impact of ADECT on the Design Process 
The results showed that ADECT was felt to offer support for the design process. It allowed an 
overall picture to be created of the issues, user types and tasks that had to be considered 
during the design. This in turn generated confidence in design decisions because "you had 
everything in front of you that you had to consider. So you had a really good starting point, once you've got that 
clear you're more confident that you've not missed anything out, so that was quite good really. That's the biggest 
help we've had so far really. " non-ergonomist (G6). This was substantiated by another participant 
especially "I think for me, coming from a course that has very little ergonomics in it, if we didn't have ADECT 
we'd be quite lost on the design process because it sparks a million thoughts off, 'cos there is so much information 
in there, so it was extremely useful to us, " (G5). 
It was also seen as a means of progressing the discussion of ergonomics ideas around the 
design team. One idea proposed would be to give the system to an ergonomist to aid the 
designer. When the designer reaches an area he cannot understand, this would provide a 
starting point for discussion with the ergonomist about how to find out information. This was 
seen as valuable in enhancing creativity and the use of ergonomics in industry. The 
participants did not see ADECT as a brainstorming tool but rather as a tool to help structure 
ideas. However, on the negative side, it constrained ideas by making you consider the user 
issues in a particular way; and did not provide adequate support for the development of 
product issues. 
On the whole participants thought that ADECT would be useful to designers when there was 
" Cut and paste had been excluded, because it was considered as being incompatible with an approach 
which should separately consider each user group in relation to the overall design. This function was 
added to DETECT. 
12 2 minute automatic saves were used instead of this function. Users tended to ignore this function. 
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a conflict of interest as it shows that "users should be central" or when designers did not have any 
knowledge about ergonomics and could not easily gain access to an ergonomist. It was also 
considered a far more useful tool than the "big ugly book called XXXX ... small print, find that book an 
absolute nightmare. Its very, very useful but its just so horrible, " as something useful was created at the 
end of using it (G2). This was confirmed by those students who had worked in industry, who 
thought that ADECT would be useful because 
"engineers do not like looking through large standards, especially ergonomics, they haven't got time to either, 
they can spend three weeks looking through various standards and regulations and recommendation and still only 
end up with about 10 A4 sides that you actually at the end of the day like. So you can go out there and wrap it up 
very quickly without having to get your head stuck in something" (G6) and for large projects which 
"could have used ADECT and the database in projects, so you have people in design teams who could save all the 
information there for the design process. Their data collection if you like, " (G 1). 
Table 7-6 has been derived from the focus group discussions and indicates the stages at which 
each group used ADECT and the purposes to which it was put. This shows that ADECT did 
have an impact on the way in which the design process was conducted and that it was used 
not only as an aid to the consideration of ergonomics issues, but as a design support system as 
well. 
Table 7-6: Summary of the Use of ADECT 
GROUP WHEN PURPOSE 
GI ADECT only used in the " Consider user group and their characteristics, 
initial stages, a matrix was " Help to define the initial product brief, 
generated but not used " Focus reading, 
" Produce list of product requirements. 
G2 Used throughout the design " Structure ideas, 
process " Organise and focus design discussions, 
" Assign priorities, 
" Matrices to summarise the ergonomics 
specification. 
G3 Initial stages as a checklist " Checklist to ensure all aspects of tasks, users and 
environment were considered, 
" Used the template to design interviews. 
G4 At home for group meetings " Consolidation tool to record outcomes in the 
form of system functions and requirements, 
" Database to share ideas and organise thought. 
G5 Used throughout the design " Capture requirements, 
process " Draw up specification of tasks and usage 
characteristics, 
" Keep notes, 
" Check that the design met the initial requirements 
G6 Only used during the initial " Determine basic user requirements, 
stages " Stop project drift, 
" Idea generation and structuring of design 
activities and discussions. 
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In their use of the system participants valued the opening screen as providing them with a 
way of approaching the design, and the structure ADECT imposed on the consideration of 
user, task environmental characteristics which allowed many different aspects to be 
considered. They also found the notes to be of assistance in helping them to understand some 
of the terms that were used. 
However, in using the system they found that firstly it did not offer them enough support in 
moving through the design process, for example it was not clear when one stage was finished 
or how much work remained to be done. Secondly the trees contained a lot of redundant 
information, which made the overall structure difficult to see. Also, the tree structure and the 
note format were seen as constraining and limiting the depth of ideas. Thirdly, it was felt that 
a set of system requirements needed to be developed prior to working on user characteristics. 
Fourthly, the matrix was not felt to link easily in to deliverable design requirements. 
Suggestions for improvements to the system included: 
0 Use of a question and answer interface, rather like an expert system; 
" Additional support for goal directed working, and a time line so that users would know 
where they were in the system; 
" Task analysis function to develop a more formal approach to the development of system 
functions; 
" Support for multidimensionality; 
0 Hyperlinks to different sources of information; 
"A complementary paper based system providing more guidance on how to use the system 
e. g. discuss items before you start to enter them in. 
7.5.5 Integration of Ergonomics Information 
7.5.5.1 Paper Based Information 
In their information gathering activities participants used traditional information sources such 
as books (e. g. Galer, Sanders and McCormick), Standards (e. g., Human Factors: Lighting 
Mirrors and User Needs SAE SP 1033), journals (e. g. Applied Ergonomics), car magazines 
and the sales brochures provided by taxi and car companies (e. g. Mercedes Benz S Class 
Brochure). One participant admitted that she had not felt the need to do any library searches. 
The information was seen as "working in different ways, all part of the information gathering, and then they 
help us think about the actual design, get down like the standards do. Obviously the standards and the users were 
the most useful... " The car brochures and magazines were useful because they included reviews 
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and ideas about " up and coming technologies,.. . new in car entertainment systems and route finders, that were 
not quite on sale yet but were sort of almost ready... " 
7.5.5.2 Internet 
The Internet was not considered to be as helpful to the participants as had been anticipated at 
the start of the trial. However, in the focus groups participants still considered that it was a 
source of information which could not be ignored, as it was quicker to gain a superficial 
impression of a large area through using hyperlinks than by searching in the library. Some 
potentially useful information, such as standards and journal articles, located on the Internet 
were not provided in full, which proved a disappointment. 
The video analysis showed that the person who was in control of the computer very much 
controlled the searching and browsing and the links which were followed, without any 
discussion with the other participant (see also Section 7.5.3.2 for a detailed discussion of the 
use of the Internet). 
In terms of the integration of this information in to the final design many of the reports had 
downloaded images for the Internet of GISs (Geographical Information Systems) and concept 
cars, which provided a context for the work. 
7.5.5.3 Driver Information System Web Pages 
The DIS pages were not used in the experimental room so a video recording of their use 
could not be made. The comments from the focus groups indicate that the web site was very 
useful, put everything into context and provided pointers to the standards that would be 
needed. This was not surprising as its content chiefly concerned the design of in-vehicle 
displays. Although the site had been tested on a variety of systems using Browserola 
shareware, the hardware and software used by some of the participants again affected the 
running of the site. 
All participants expressed a preference for web-based presentation of information, however, 
once they had found useful information, they printed it out because: 
" it was easier to read something on paper; 
" get more information on a sheet of paper; 
" getting an overview "can't keep it all in your head. It's easier when you can see it all"; 
" can take it away - into a more relaxed setting and make notes on it. 
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7.5.6 Use of Ergonomics Overall 
The participants had been well tutored in the need to focus on ergonomics in the early stages 
of design. Unfortunately as the groups had little design experience, they were unable to make 
comparative judgements about whether they had used ergonomics any differently in this 
study. The following responses are indicative of the type of issues considered "we looked at three 
things really - anthropometrics, vision and also psychology - cognitive type things like reaction times to various 
types of warning.. . how people react as they get older, " 
(G6). 
GI printed the whole of the user issues side of ADECT and used it as a basis of a 
questionnaire, as it contained "everything you should consider so that makes the job easier, " G4 
remained anti-technology throughout the trial, as exhibited in the following statements; 
"tendency to get driven by technology and forget that people enjoy driving just for driving's sake, and as I say I 
don't think you can design a car purely by ergonomics. You have to realise, as I say, that people enjoy the thrill of 
driving, they want to be in control of something. " and again, "do you think its viable to have a collision 
avoidance system that will warn a dozing pensioner he's about to back end a car in front of him. He's going to 
need 3 or 4 seconds and that system is going to have to be set at such a low tolerance that if there's the slightest 
chance of his backending anything it's going to go off all the time. There's real problems there. " 
The student reports showed that a user centred design approach had been undertaken, 
7.6 Discussion 
The overall aim of the research has been to consider the use and promotion of ergonomics 
during concept design. The investigation reported in this chapter has shown the way in which 
ergonomics was considered during a student design task, conducted over a period of several 
weeks. This has clearly shown that ADECT was considered to be helpful in the structuring of 
discussions and the use of ergonomics, and that the Internet was not. 
As a delivery mechanism for information, which can be spoon-fed to students (or designers), 
the Internet will become the preferred information resource, because of the hyperlinks and the 
added bonus of multimedia resources, which can be quickly incorporated into reports. 
However, sites must be designed to take into consideration legacy systems (both software and 
hardware), slow download times, the need for people who are not working on-line to gain an 
overview of the area under consideration, and the need to print out valuable pieces of 
information. 
The Internet may not have reached a sufficient level of maturity to be used as a fully 
operational design resource tool in the manner anticipated at the start of the research, but 
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additionally, the participants in this research, who might be considered at the top end of 
Internet users were not either. The results show that students will be lured away from 
`educational, project related material' when using the Internet on to sites that are more 
visually and intellectually stimulating. This perhaps indicates that students are not receiving 
sufficient guidance in the use of this new resource, or that the gateway through to the Internet 
is not sufficiently selective in helping students access those sites which would enable them to 
make fruitful searches. Clearly these two issues are beyond the realms of this research which, 
in regard to the Internet, has to conclude that the Internet can be a vehicle for the 
dissemination/transference of ergonomics information, and that the manner in which 
information can be presented on the Internet to designers can be attractive. 
The methodologies adopted in this study contributed to an overall impression of how design 
was undertaken, the type of ergonomics issues being considered, the usability of the software. 
The analysis of the use of ADECT, especially in the breakdown analysis and focus groups, 
clearly showed that students need additional support (above and beyond that provided) in the 
application of ergonomics at the start of the design process. Very clearly, it was expected that 
they take a user centred design to the development of their DIS. This required them to firstly 
think of a scenario in which a DIS would be used (e. g. parking, route navigation) and then 
outline the user characteristics surrounding this. 
The product user tree was not generated completely as part of the template. Participants found 
it difficult to consider user needs without this context, and had difficulty in understanding 
why a product tree could not be provided. Obviously the nature, structure and content of a 
product tree will be different for each product. A central tenet of ADECT was that the user 
issues had to drive the production of the product tree. No group achieved this satisfactorily, 
which on the one hand may indicate that the present system does not provide sufficient 
support for designers and that the initial user requirements were incorrect or on the other 
hand, the failure of the participants to generate a detailed product tree may just have been an 
artefact of this experiment. 
The rationale behind leaving the product tree mostly unfilled is that it allows the designer the 
freedom to shape his or her own design solutions. If a tree structure were pre-prepared this 
might unduly influence the design. For example, a product tree for a car might partition the 
design into interior and exterior features, with, for example, security systems as nodes off 
these branches. However, such a structure might be unhelpful if a designer wished to 
emphasise an overall approach to in-car security, which cut across interior and exterior 
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design. In terms of user requirements it was therefore believed that any one user should be 
free to partition the design space as required, and that this should not be restricted by 
another's structure. 
In ADECT the product features have to be outlined prior to a consideration of the user issues, 
so that the user issues can then shape them. This has implications for the way in which 
ADECT can be used by future design teams. A senior designer could provide a template 
including the design issues considered in a previous design for junior design teams to adapt as 
the basis for a new project. However, this is evolutionary as opposed to innovative design. 
Because the design project was not a real life design project, the matrix could not be used to 
its fullest for the evaluation of the concept. This included the extent to which the requirements 
were embodied in the concept design and did in fact match the initial user requirements. 
An additional problem, which emerged quite strongly in this investigation, was the 
appropriateness of the tree structure as a representation of the issues that had to be 
considered. Clearly the more complex the product being designed and the more thorough the 
inclusion of all stakeholders the larger the trees becomes. The larger the trees, the more 
despondent the users. Collapsing tree branches allowed attention to be focused on the issue in 
hand, but when these were then expanded the participants became discouraged with the 
amount of issues they still had to consider. This was exacerbated by providing a template 
which clearly showed each issue needing to be addressed. In the matrix representation this 
was not such a problem as participants could select the items they wished to display. 
The sheer volume of potential issues that have to be considered in user centred design has 
always been discouraging to designers. Anecdotal evidence suggests that the external 
representation of these issues is also a problem with both HUFIT and USERJt. If undue effort 
is spent outlining requirements for the main user, then the designer may not be able or willing 
to devote more time to secondary, indirect users or other stakeholders. A system which forces 
designers to behave in this way, might, therefore, reduce the amount of user centred design 
which takes place, because they become overburdened with the unnecessary externalisation 
of user issues. Whilst Porter and Porter (2000) would claim that the length of time taken is a 
problem for the use of ergonomics tools of this nature, it is believed that this is not actually an 
accurate representation of the problem. The trees in ADECT can be built up very quickly, but 
it is the level of detail and its systematisation, which impose the additional burdens and then 
linking the user issues to the relevant product requirements. This is seen as part of a wider 
issue relating to the extent to which the design process can be externalised or supported. 
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7.7 Conclusions 
In this section the main outcomes of the research are drawn together. The section concludes 
by looking at the extent to which the study met the original aims of the investigation. 
7.7.1 Participants 
The participant characteristics were believed to be similar to those who would be joining the 
design professions in terms of their degree of experience of computers and team working. On 
the whole, the participants were more familiar than design and engineering graduates with 
ergonomics. A lot of practising designers will have received courses or modules in 
ergonomics but will not be experts in the area. The participants could see the benefit of the 
use of ADECT for those working in industry who might not have much knowledge about 
ergonomics and who might have limited access to a trained ergonomist. 
In terms of their abilities and attitudes towards computers, they are likewise similar to the 
target population. The earlier studies showed that most designers used computers in their 
everyday activities and thought that the Internet was going to be essential to them. Although it 
was not possible to perform a comparative analysis with a control group, the experiences of 
the group led them to have more favourable attitudes towards computers at the end of the 
study, and less favourable, towards the Internet. The implications of the latter finding will be 
discussed in the following section. 
7.7.2 Design Activity 
The one variable on which at least some of the participants were different from the target 
population was in relation to their knowledge of the design process. This was lower than 
would have been expected from practising designers. Evidence from the activity log, final 
reports and focus groups, showed that this did hinder their work; they felt uncomfortable with 
uncertainties and believed they had not allocated their time correctly. The participants 
believed that ADECT could be redesigned to provide more support in this area. 
The design process outlined in the activity logs and focus groups was typical of the normal 
design cycle with periods of group and individual activity, progressing from clarification of 
the design brief through to concept design of the Driver Information System. Most groups 
would have liked more time for user studies and evaluations and believed that they had not 
managed the design process as effectively as they might. However, analysis of the videotapes 
and the activity logs showed that all groups spent a lot of time planning their work. Failure to 
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make satisfactory progress might have been due to a lack of commitment to the project, an 
underestimation of the amount of effort which had to be put into the project (for example in 
terms of finding information, and performing user investigations) or an acknowledgement 
that time had not been spent wisely. This issue might not have been found if the study had 
taken place in industry, where deadlines have to be met and the designers would have been 
more experienced. The groups comprising of participants who had experienced a year in 
industry, on the whole were better managed. In terms of the design of ADECT it points to 
providing more support to help structure design activities. 
Group and individual differences were most strongly evident in the video analysis, showing 
the proportion of time spent in the discussion of user issues and the relative amount of time 
spent using the Internet and ADECT. The students were fairly well matched in terms of 
knowledge of ergonomics and computers. The amount of time engaged on user centred 
design varied widely from virtually none to extensive and sometimes exhaustive discussions. 
From the video recordings of activities in the experimental room, the results seem to indicate 
that those groups who used ADECT least spent less time talking about user issues. 
7.7.3 Use of ADECT 
All participants were reassured that they need only use ADECT for as long as they felt it to be 
of use to them. It was not anticipated that the groups would all use ADECT to the same extent 
or in the same way. At least one group (GI) felt that their resources were stretched too far 
when faced with learning how to use ADECT as well as fulfilling the requirements of the 
assignment. Two of the participants took a copy of the software away to use in other projects. 
The video and breakdown analyses of the use of ADECT are confounded by the fact that the 
students were learning the system, and exploring its functionality as well as working on the 
task in hand. However, the video analysis showed that when ADECT was used the design 
progressed in a logical, sequential order and was largely user centred. The focus groups 
confirmed that the material in the system was familiar to the participants, but the video and 
breakdown analysis showed that this was challenging, as it had to be applied to the current 
design problem. Most of the participants had difficulty in understanding the more technical 
terms in ADECT, even though definitions were provided in the note fields, which means that 
designers would almost certainly experience the same difficulties. 
The system seemed intuitive to use and the focus groups comments were positive in terms of 
usability. The breakdown analysis shows that there are still many usability issues which need 
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to be addressed and that these are for the most part concerned with the functionality and 
presentation of the user tree/issues (and, by implication, the product tree/issues), more user 
friendly terminology and examples which should relate to the project in hand. 
In terms of the overall system design two problems emerged from the video analysis which 
are problematic. The first of these concerned typing entries into the system. ADECT had been 
designed to engage its users in a minimum amount of typing. Whether the enlarged font size 
(which made typographical errors more obvious), or the fact that often two people were using 
the system, much time was spent trying to make the entries word perfect, which did inhibit 
the flow of ideas during the sessions. 
The second problem is of a more serious nature and is related to the tree structure. The 
template provided full trees for all potential users (primary, secondary, indirect, purchasers, 
other stakeholders such as maintenance engineers and installers). Each of these groups has 
their own set of related user issues, relating to environmental, task, usage and intrinsic 
characteristics. Although participants were advised to start pruning the tree as much as 
possible, the size of the tree and the resulting matrix became discouragingly large. This is 
essentially a task-tool breakdown, the tool does not provide a helpful representation of the 
task, and discourages rather than encourages users to take a fully user centred design. This 
issue only became manifest in the breakdown analysis and has important implications for the 
usability of ADECT in fostering user centred design. 
On the whole the participants thought ADECT was useful and made constructive and 
meaningful suggestions regarding future improvements to the system. 
7.7.4 Use of DIS web site 
The Internet resource, namely the Driver Information Web Site was not used in the manner 
intended, with participants preferring to take a soft copy of the site and use it in their home 
environment, or print out a paper based copy. This meant that no video or breakdown analysis 
could be performed of its use in the experimental room, and the Wammisco results detailed in 
Chapter 5, became the main means of analysis. The Wammisco results showed that the site 
did not run optimally on the machines the participants loaded it on to. In the focus group 
discussions the participants commented favourably on the design and content of the Web site 
7.7.5 Use of the Internet 
The trial showed quite clearly, that neither the participants' Internet knowledge and 
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experience, nor the Internet itself were at sufficient levels of maturity to be effective in a 
design scenario of this type. Apart from the DIS site the Internet contained superficial and 
product based material. In using this material the participants were lured into product, rather 
than user centred discussions, persisting in poorly directed searches and failing to save (or 
revisit) useful information. The Internet, at least in the experimental room, was not generally 
used to search for user related information, but became a vehicle for the investigation of 
future products. However, this might be due to the participant characteristics and the nature of 
the assignment. 
The video analysis showed that the time spent waiting for pages to load was not filled with 
project related conversation, and that very little discussion occurred about the content of the 
pages once they were found. Internet searching was very much a solo activity. The person 
sitting in front of the screen controlled the direction of the search, and rarely asked advice of 
the other participant or timed movement through the pages to take into account the needs of 
the other. This is in contrast to activities around ADECT. Although the data entry in ADECT 
was not shared, it was discussed, and that discussion was more user, than product focused. 
This study was conducted to consider the manner in which ergonomics information 
(embedded in the ADECT template and available on the Internet) was used in a design task; 
the impact ADECT and the delivery of on-line information had on design activity; and HCI 
usability issues which may have effected the use of the ergonomics decision support system. 
In relation to the first of these aims, the study has shown that the information contained in 
ADECT was used to focus consideration of user and product issues, and that it was also used 
in the design of data gathering instruments (such as questionnaires and task analyses). The 
information provided by the Driver Information System Web Site contributed directly to the 
design of the concepts, whist the information provided on the Internet was used tangentially, 
for example to determine the type of vehicles which might be driven in Year 2010. 
The Internet was used in the design task as a means of locating material of an academic 
nature (such as those found in reports and journal articles), product information (e. g. Driver 
Information Systems already in the market), more contextual information (e. g. details about 
the appearance of taxi cabs, the type of activities transport police engage in), and contacts 
(e. g. names of local taxi firms). It did not seem to support the last two types of information 
searches very well, which reduced the impact Internet based information had on the final 
designs. 
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ADECT, as an ergonomics decision support system, led to a more structured consideration of 
user issues throughout the early stages of the design process. Participants reflected on the 
nature of the product they were designing, and the characteristics of the user population, and 
were confident that their designs had been informed by a consideration of the issues raised by 
the system. 
In terms of the overall design of ADECT, the usability assessment highlighted HCI issues 
which needed to be addressed, and also raised issues relating to the overall design of the 
system, and ways in which it could be enhanced to give greater support for design activity. 
Some of these suggestions were incorporated into the next version of the software. 
7.7 Chapter Summary 
This Chapter has documented the way in which the Internet and ADECT were used to 
promote the use of ergonomics in the context of a student design project. The results have 
shown that the Internet can be used as an easy vehicle of information dissemination for 
ergonomics and other forms of information. However, there are still many training and 
delivery issues that need to be resolved before the Internet can be recommended as an 
effective and efficient research or design tool. 
The study of the use of ADECT showed that it was valued as a means of structuring ideas 
about user issues. Several usability issues were highlighted which explained the poor SUMI 
scores already outlined. These related to usability issues with the editing of the user trees and 
the technical language. Additional problems emerged relating to the manner in which 
information was presented and the level of support provided for the overall design task 
(which were not explicit in the SUMI results). Unfortunately the issues surrounding the 
appropriateness of the representative structure cannot be considered within this research. The 
need for template tree structures for both user and product issues is addressed in further detail 
in the following chapter in which ADECT is further developed to meet the needs of new 
product development in a large organisation. 
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8 Development of The Generic Ergonomics Decision 
Support System - DETECT' 
8.1 Chapter Outline 
This chapter describes the process by which ADECT was transformed into a general-purpose 
ergonomics decision support system, DETECT (Designers' Ergonomics Clarification 
Toolset), which could meet the needs of a product development team. The iterative 
development addressed many of the usability issues highlighted in the previous chapter. 
The usability analysis conducted on DETECT shows an improvement in overall usability 
when compared to that of the earlier system (Section 6.9.2). The interviews with the designers 
and ergonomists who used the system to support a design task had no difficulty in seeing its 
potential as an ergonomics decision support system to help record, integrate and communicate 
ideas. However, more importantly tentative evidence is provided which suggests that one of 
the fundamental reasons why ergonomics is not used in concept design might be because it 
fails to support the need of designers to visualise their concepts. 
8.2 Introduction 
The chapter has two themes. Firstly, there is a return to one of the central themes of the thesis 
namely the way in which ergonomics is used in design, and how the drive for a greater 
inclusion of user centred design might highlight the need to change traditional design 
practices. Secondly, consideration is given to the way in which a system developed in 
academia might be developed into one more tailored to meet the needs of industry. Again the 
software development process becomes a vehicle for exploring these issues, rather than being 
an end in itself. The methods used to transform ADECT, the influence of the usability studies 
in the software development life cycle, final system design and project management issues 
should be seen in this light. 
l The work contained in this chapter was commissioned by a client, for a period of nine months. The 
research team comprised: an ergonomist, client, project manager and this author. Richard Bartlett again 
was responsible for software development 
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The figures in this chapter show that much of the initial system remained in DETECT, and 
that the underlying tree structure and templates could be easily and quickly used to inform 
small product development. Indeed the template developed in half an hour at the start of the 
project captured the essential user and product requirements, the effort required was mainly in 
developing a less idiosyncratic user interface and the development of a functionality matrix 
which could accommodate and use different cell values. The relationship of this chapter to the 
rest of the thesis is shown in Figure 8-1. The main pathway and material covered is again 
shown in bold. 
8.3 Project Brief 
The Research and Development Department of an international company became interested 
in the rationale behind an ergonomics decision support tool, with a view to using it to enhance 
their own product development process and to develop innovative products for global 
markets. It was believed that the existing ADECT system could be tailored to meet the 
(sometimes not altogether well specified) needs of the Marketing and, Research and 
Development Departments where the resulting ergonomics decision support system would 
encourage a more user centred approach to the design of small products and identify those 
areas where more information was required to inform concept development. More 
specifically, it was hoped that ADECT could be: 
" linked to Excel spreadsheets enabling the user/designer to access, query and import 
centrally held research data, which they might not be aware of or which had not been 
previously available to them. 
" used as a brainstorming tool by individuals or design teams to develop ideas. 
" used to facilitate the development of a comprehensive design/prototype brief which could 
be presented to other departments and agencies commissioned to work on product 
development. 
0 used to stimulate ideas for further ergonomics research, in particular, the collection of 
appropriate anthropometric data relevant to product design and competitor analysis. 
0 used to automatically generate project documents. 
Obviously these requirements considerably extended the nature of the existing software but 
were seen as being compatible with the design of a more generic ergonomics decision support 
system. For example, it had always been intended to develop a system that could be tailorable 
to any product, linked to external information sources and which could fit in with 
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organisational procedures (or emphasise their shortcomings with respect to knowledge about 
user issues). 
The approach adopted was to tailor the existing software (ADECT v2.0) in accordance with 
the requirements of the client company and their design consultants. This required: 
" an understanding of the existing design processes to identify potential users and their 
requirements. 
"a knowledge of the type and structure of information considered in this particular case of 
product development. This would help in the structure of the templates and ensure that 
the designers were not exasperated by the use of inappropriate terminology (for example 
`user' had to be replaced by `consumer'). Additionally an understanding of the manner in 
which this information might be gathered and processed in the future was required to 
extend the usefulness of the system. 
" iterative development and testing of the software through expert appraisal and laboratory 
based usability studies and where possible through liaison with the client company. 
The tasks which would prove most onerous, in terms of programming, related to the 
management and use of the Excel spreadsheets and the automatic generation of project 
reports. This latter might also be interpreted as a requirement from the previous investigation 
in which participants found it cumbersome to manipulate screen dumps. Usability per se, was 
not part of the design brief, and in meetings the client adopted a laissez-faire attitude to 
interface design and usability issues. 
The resultant DETECT system was one which could be tailored to any product, although the 
databases it automatically accessed were product specific as were the templates developed for 
the project. The development process was an iterative one, which involved the following 
stages: 
1. Clarification of the initial brief in terms of the hardware and software requirements, the 
users of the system, and the role of the software in the future; 
2. 'Determining background information about the product to inform the templates and 
interface; 
3. The development of the software in accordance with the brief, taking into account known 
usability issues (arising from the previous investigation); 
4. The use of expert appraisals and discussions with the client to highlight emerging 
usability issues and requirements; 
5. Iterative development of software to accommodate new knowledge; 
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6. Second phase of usability testing; 
7. Production of final version. 
The following sections provide an overview of these issues, emphasizing the need to tailor the 
software product to meet designer and client requirements. 
8.4 Design Process Analysis 
Design process and user needs analyses were undertaken to understand the way in which oral 
hygiene products are designed and to facilitate the tailoring of DETECT to the needs of the 
designers. This was achieved through interviewing and consulting those directly involved in 
the development of new concept designs including in-house designers, marketeers at an 
innovation centre and members of a design consultancy. The interviews determined that: 
" there was not an established, typical design process; 
0 the potential users of the system might not be the designers themselves but the Research 
and Development Department. As the project progressed the initial stakeholders in the 
design left the company or were reallocated to different sections; 
" the client was using the project to gain acceptance within the company for a more 
systematised design process; 
" the real need was for database manipulation, centralisation and development which was 
beyond the remit of the project. 
It is believed that these issues are typical of those which arise when a company tries to adopt 
a more user centred approach to design and reflect some of the issues raised in the earlier 
literature review. Fostering user centred design requires commitment from a wide group 
within an organisation, and in achieving this bottlenecks and inadequate and poor practices 
may be brought to light. In this particular case, the lack of a clear design process was 
emphasized, and also the paucity of internal (or freely available) information within the 
company which might help in NPD. 
In terms of overall system requirements the design process analysis (and literature review) 
determined: 
1. the questions and language which should be used in DETECT. 
2. the need for a fifth type of user issue. ADECT had segmented user issues into intrinsic, 
task, environment and usage conditions. In DETECT a fifth issue was required which 
became known as `association'. Consumers will look for a product that embodies certain 
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attributes because they perceive them as being positively associated with an attribute they 
would like to possess. For example, a consumer might actively seek out products which 
reflect `traditional family values' because they want to create a traditional family 
atmosphere. This might lead to a preference for buying stripped pine furniture instead of 
flat pack DIY kitchen units, or buying `traditional' cereals such as 'Kelloggs' and 
`Quaker' over generic products, because they have retained their traditional product 
image, and promote `wholesome' images in their advertising. 
Whether `association' is a user or product issue, or was different from perception or 
stereotype caused some debate amongst the development team. Clearly it was important 
to the client, who had previously commissioned research gathering such associations in 
relation to oral hygiene products and wanted to integrate this information in the product 
specification. As an `association' exists in the mind of the consumer, and can be 
embodied in different ways in the product (for example `hygiene' in the design of oral 
products may be associated with streamlined shapes, and blue and white colours), it was 
included as an additional user issue. 
3. the requirements for the project reports used for product specification. This moved 
DETECT into a new area. The final version was able to generate reports. Realistically, 
the automatic generation of such reports is never going to be as fluid and detailed as an 
individually considered design brief. 
4. the structure of the Excel databases DETECT would have to link into. The cells of the 
functionality matrix of ADECT could contain only one of 6 values (highly relevant, 
unknown, not applicable etc. ). Discussions with the client revealed that they required 
`hard' values to be automatically inserted into the matrix or entered by the user, and that 
typically these values could be of any format e. g. text string, numerical value or range, 
and could refer to any particular attribute e. g. length, weight, colour. These values could 
be used to determine the parameters for the design and to evaluate prototypes. Later 
figures in this Chapter, and also feedback from users suggest that although this might be 
extremely useful, it does not produce a usable representation. 
5. a protocol by which portions of the results could be exported to Excel spreadsheets and 
vice versa. This was problematic, as neither ADECT nor the existing spreadsheets had 
been constructed with this in mind. Again the final version accommodated this 
requirement providing the spreadsheets followed an agreed structure; 
6. an algorithm for evaluating different design solutions. 
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The interviews were augmented by a literature review on the product design process and on 
the design, evaluation and ergonomic considerations relating to toothbrushes (e. g. Galer 
Flyte, 1998; Maeda, 1990; Kreifeldt and Hill, 1974). All these sources of information 
contributed to the development of domain specific user and product trees framed in a 
language, which was considered acceptable to designers. 
A limited amount of data existed within the company relevant to the design of the product; 
some obtained through previously commissioned research, or had been entered into Excel 
spreadsheets, which contained information in many different formats. The literature review 
augmented this, and established guidelines for the most acceptable values for some of the 
parameters, which were to be entered into the matrix (e. g. filament length and shape, handle 
cross section). 
This initial research determined that DETECT would not have to integrate with any pre- 
established design process already in place at the company. However, it might potentially be 
used by a wide variety of users within the company, who would not have been involved in the 
commissioning of the research or been stakeholders in the development. 
8.5 DETECT vl. O 
In the months prior to the expert appraisal, the existing system was revised to accommodate 
the usability issues previously identified (see Section 7.5) and the requirements of the client 
company. As far as possible these versions were demonstrated to the client for comment. The 
expert appraisals took place on a system still undergoing major transformations. Before 
addressing the expert appraisal an overview of the main features of the DETECT system are 
described in relation to the client requirements. The final version of the system is detailed in 
Section 8.7. All figures relate to the design of oral hygiene products. 
8.5.1 Product Instigation 
The opening form was changed to reflect the questions asked during product development at 
the client organisation. The interim design of the form can be seen in Figure 8-2 below. Most 
noticeable is the change in the name of the form to `Product Instigation'. The scrolling fields 
for designers to type in their responses remains, but the questions are more designer friendly 
and reflect those asked at this stage. The original questions were not considered to be 
designer friendly, and it was anticipated that this would discourage use the system. The '? ' 
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are the help fields (this design did change) which provide additional questions to help the 
designers more 
fully address the rationale 
behind the design. These can 
be edited by the owner of the 
system, and are therefore 
tailorable to different products. 
The actual colour scheme was 
never agreed. The final version 
enabled a standard colour 
scheme or black and white to 
be chosen. 
8.5.2 Consumer and Design Trees 
Figure 8-3 shows the way in which the main working area of DETECT was changing. The 
`notes' section and the `priority levels' have been incorporated into a pop up window as 
shown in Figures 8-4 and 8-5. This made more space for tree development. One of the points 
raised in the focus groups had been that there was not enough space on the screen show a 
large portion of the tree. Figure 8-3 shows that most of the window was now dedicated to tree 
development. 
Different font styles were automatically generated depending on the status of the item in the 
tree (i. e. whether it was a header or branch). Again it was hoped that this would add to the 
clarity of the overall system. The `car icons' were replaced by those more directly related to 
the product in hand. Again the final system was moving towards a user definable set of icons, 
or a small text abbreviation to indicate the type of issues being addressed. The buttons for the 
pop up windows are still in evidence. The expert appraisers did not like these, although other 
users never commented them on. These were replaced by pop up menus in the final version. 
The template consumer tree no longer has direct, indirect and primary users etc., and is more 
task oriented at the initiation of a session. It also gives more prominence to the 'purchaser'. 
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Figure 8-2: Product Instigation Form DETECT N 't. 0 
This could also have been achieved in ADECT, although the emphasis of that system was more 
firmly on the primary user. With small products additional emphasis is placed on 'capturing' a 
potential purchaser and addressing their needs as well as those of the product users. In real 
terms adding items to the consumer issues is as easy as typing in a list. However, including 
such items on the initial template considerably enhances perceived designer friendliness. 
The literature survey, consultation with designers and examination of the Excel spreadsheets 
were used to develop the product issues in the right hand side of the template (see Figure 8-3), 
most of these are again obvious. Attention was paid to using terminology the designers would 
be familiar with (this was highlighted as a problem in the ADECT investigation) such as `tufts' 
and `filaments' rather than `packets' and 'bristles'. 
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Figure 8-3: Consumer and Design Issues DETECT vI. O 
8.5.3 Determining Attributes and Values 
In the original system each user issue was related to a certain type of branch e. g. intrinsic or 
environmental issue, and could, additionally be assigned a high, medium or low priority value. 
The combination of these factors, along with manual selection, was the means by which items 
could be selected for inclusion on the functionality matrix. In this manner 
smaller matrices could be developed and worked on, for example, one just containing items 
rated as of high priority or which related to a certain set of characteristics. The one 
dimensionality of the system in this regard was commented on by one of the participants in the 
earlier study. 
From discussions with the client it 
emerged that a more flexible approach to 
allocating items into groups was required 
which would allow multi-group 
membership across user issues. For 
example, a toothbrusher (along with 
related characteristics) might be 
considered to be of high priority, the 
product user and the purchaser. Figure 8- 
4 illustrates an initial interface for 
user 
low priority 
whitening issue 
tooth type issue 
potential for added value 
packaginc issue 
new attach to all selections 
I 
close 
delete 
Figure 8-4: Assigning Priorities DETECT vl. 0 
assigning items into different attribute groups and generating a list of such attributes. Only the 
user characteristics assigned into 
the selected attribute groups will 
be displayed in the matrix. 
Figure 8-5 shows the way in which 
notes could be assigned to 
branches or nodes. In ADECT, a 
space was provided for the notes 
below the relevant tree. In 
DETECT the notes are typed in a 
pop up window. Figure 8-5 shows 
this for the product (re-labelled 
`design') tree. In the template, the 
notes consisted of 
recommendations relating to 
product design, which had been 
found in the literature review or in 
previously commissioned research. This form also allows an item to be assigned to an attribute, 
in this particular instance `perceptual'. 
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Figure 8-5: Design Information DETECT v1A 
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Figure 8-6: Functionality Matrix DETECT v1. O 
8.6 Transformation into DETECT v2.0 
AN/ AN/A 
AN/AN/A 
AIW/A 
Section 8.5 provided an overview of the system as it appeared prior to the usability studies. 
This Section considers the means by which it was transformed into a more usable system. 
Unfortunately, it was not possible to involve the client in the evolution of the software, 
although regular meetings did take place. Instead laboratory studies were conducted at 
Loughborough and Derby Universities. The following sections outline the procedures and the 
main findings, which led to the development of the final version (Section 8.7). 
8.6.1 Brainstorming Sessions with the Client 
The client, members of his organisation and other stakeholders were invited to comment on the 
software during demonstrations or project meetings. These were not as regular as was 
anticipated owing to the internationality of the design team, and the distance between the client 
and the university, which required a whole day being given over to a meeting. Team 
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meetings took place at Loughborough University, and more in-depth discussions at the 
client's headquarters, augmented by emails and phone calls regarding specific issues. 
The project meetings served two purposes. Firstly, generating details about user requirements 
which had not been clearly articulated at the start of the project, primarily in relation to the 
Excel spreadsheets, functionality matrix, and the design project reports. Secondly, to keep the 
client informed about system development. 
8.6.2 Expert Appraisals' 
8.6.2.1 Introduction 
DETECT v1.0, although very similar to ADECT v2.0 in many respects, started to embody 
many of the client requirements. It was believed that these requirements would lead to the 
development of a more generic ergonomics decision support system, which would support 
designers in industry. This early version of DETECT also addressed some of the usability 
issues raised during the earlier investigation, such as difficulties in editing, cut and paste 
facilities. Although the client expressed satisfaction with the style of the interface and its 
functionality, a formal expert appraisal was required to establish inconsistencies and usability 
issues which needed to be addressed before the final system release. 
8.6.2.2 Aim 
The purpose of these trials was to assess the usability of the interface to identify any changes 
or improvements which were required, and to provide a list of these recommendations in a 
timely and appropriate manner to the system designer. 
8.6.2.3 Method 
The appraisals were conducted by four software usability experts over a period six weeks 
using a customised version of the Ravden and Johnson (1989) checklist for system 
evaluation. This is in the form of closed questions which direct the system designers to 
consider the interface in terms of visual clarity, consistency, compatibility, informative 
feedback, explicitness, appropriate functionality, flexibility and control, error prevention and 
correction, user guidance and support. For example the section on `informative feedback' 
contains items such as "Are instructions and messages displayed by the system concise and positive? Are 
I This appraisal was undertaken by the ergonomist employed on the project. 
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messages displayed by the system relevant? Do instructions and prompts clearly indicate what to do? Is it clear 
what actions the user can take at any stage. " 
A standard walkthrough was developed based on task information collected from the user 
manual and an hierarchical task analysis of those tasks expected to be performed by system 
users, to ensure that the `expert appraisers' would use all areas of the interface. 
8.6.2.4 Results 
The results were written up extensively as a formal document presented towards the end of 
the project. For each window this detailed all inconsistencies and usability issues the 
appraisers found. Prior to the submission of this document, a meeting was held between the 
researcher and the programmer at which the following items are worth noting: 
0 appraisers could learn to use the interface, but would have preferred an interface which 
conformed to standard windows/menu driven system; 
0 inconsistencies in the labelling, position and functionality of pop up windows and their 
associated commands and buttons; 
0 difficulties in entering information in the functionality matrix; 
" need for a contextual help system. 
8.6.2.5 Discussion 
The expert appraisal although thorough, primarily confirmed issues already identified, e. g. 
inconsistent use of `quit' on buttons, edit fields incorrectly sized and positioned. The 
participants chosen were experts in HCI usability, not design and were not presented with a 
design task, so were unable to contribute in a meaningful way about the extent to which the 
system added to or detracted from a typical design process. 
The study suffered from two major drawbacks; too much attention was paid to generating a 
lengthy, formal report which, had it contained recommendations for major modifications 
would have arrived too late in the project for the programmer to have taken into account. 
Secondly, the views expressed by the appraisers strongly reflected those of the ergonomist 
conducting the investigation. 
8.6.2.6 Conclusions 
All the appraisers agreed on the need for more standardisation in the design of the interface, 
and a conformance to standard windows functionality with menus and pop ups. It was 
believed that this would not only improve the functionality of the system but also its 
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appearance. Inconsistencies were noted on all screens relating to the position and labelling of 
buttons in the pop up windows e. g. some used `close', some `exit'. Although the number of 
changes requested was large, they were trivial in terms of the amount of programming effort 
required to fix them as they had little bearing on overall functionality. 
However, two issues emerged which required extensive effort. Firstly, the need for a 
contextual help system, which to a large extent could not be written until after the system was 
completed. Secondly, inappropriate functionality for entry of values into the matrix. The two 
tier system for specifying and then entering information in the matrix was confusing and 
inefficient. This was also confirmed in the subsequent study (Section 8.5.3). 
8.6.3 Usability Trials 
The second stage of usability testing was more similar to the approach undertaken in the 
evaluation of ADECT (Chapter 7). It considered the manner in which individual designers 
used the system to support the consideration of user issues in design activity. It included a 
usability evaluation (SUMI), video analysis and interviews with the designers. 
8.6.3.1 Introduction 
The expert appraisals used a structured walk-through to uncover usability issues with the 
software. However, the appraisal had been conducted by usability experts, not the designers 
or ergonomists who might use such a system, and crucially they did not use the software to 
aid them in an actual design task. This second series of usability studies was designed to 
consider usability in the context of small product design, and to establish whether the 
improvements had resulted in a more usable system. 
Viewing the manner in which the system was used by practising designers, the problems they 
had, and how they undertook the task was believed to be essential in providing in-depth 
information on usability issues, and providing further insights into the way in which user 
centred design is practised. 
8.6.3.2 Aim 
The aim of this study was not to identify or validate HCI problems with DETECT, rather it 
was to look at the extent to which DETECT fulfilled its role as an ergonomics decision 
support system specifically designed to support the concept stage of the design process. 
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8.6.3.3 Method 
In these trials DETECT v1.0 was used as an ergonomics decision support system to aid in the 
development of a toothbrush. Participants were design students at Derby University and 
ergonomics students at Loughborough University who had an interest in design. They were 
paid for their participation. 
Participants were provided with a copy of the DETECT user manual to read in advance of the 
session and a verbal description of the design task. The design session was scheduled to run 
for three hours during which refreshments were provided as required. Technical assistance 
was at hand at all times. All sessions were video-recorded for later analysis. The session was 
conducted in the following stages: 
1. Participant given design brief and written guidelines on how to use the system (as shown 
in Appendix 2.8); 
2.30 minute interactive introduction to the system; 
3. Task walkthrough where the participant demonstrated that they were familiar with the 
main stages of DETECT; 
4. Experimental session, in which the participant was required to use the system to help in 
the generation of a toothbrush design. This session could last as long as necessary, with 
an upper time limit of three hours. The experimenter remained in the room throughout 
and participants were encouraged to ask questions or verbalise during the session; 
5. Completion of standard SUMI questionnaire (shown in Appendix 2.3); 
6. Short interview to determine attitudes towards the software and any usability problems 
(Appendix 2.9). 
7. Debriefing and payment 
As in the earlier ADECT investigation, participants were given a `template' project to work 
with, which contained both consumer and design issues related to toothbrush design. They 
were encouraged to familiarise themselves with the information provided in the template and 
edit it to meet the requirements of the design brief. 
The video analysis was used to identify usability problems, confirm the findings from the 
expert appraisal, and enhance/confirm the SUMI assessment. The semi structured interviews 
allowed participants freedom to express their attitudes towards the software and the manner in 
which they might use it in their design work. All but one of the participants completed the 
design within the three hour period. Examples of the designs are shown in Section 8.6.3.3. 
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below. After completion of the design task the participants were required to complete a SUMI 
questionnaire and take part in a short interview. 
8.6.3.4 Results 
8.6.3.4.1 Participant and Session Details 
The age range of the participants varied from 21 to 55. All 9 were postgraduate students. The 
participants from Derby University had design experience and, as well as receiving payment for 
participation in the investigation, used the experience informally as part of their doctoral 
training. Two of the Derby participants had worked in a design agency in Taiwan, one was 
from Brazil and the fourth a practising engineering designer. All participants at Loughborough 
were postgraduate ergonomics students with an interest in design. 
The length of the sessions lasted from 52 to 109 minutes. The shortest session was achieved by 
the first Loughborough participant, which was notable for two system crashes. The longest 
session was from one of the designers at Derby. Again this was notable for two system crashes. 
The crashes in the latter instance arose because the participant used parts of the system that 
were not fully operational and which he had been told in advance would lead to system crashes. 
The Loughborough participants did not generate mature sketches. 
8.6.3.4.2 Sketching Activity 
The following four figures are indicative of the type of designs produced. The first two are by 
the most experienced designer. His comments on the use of DETECT were of especial interest 
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Figure 8-7 shows 
part of the working 
sketches which were Figure 8-7: Initial Sketches 
produced concurrently with the use of DETECT. The sketches wa e used to build design ideas 
and for annotation. Figure 8-8 shows the final design from this participant. Notably the design 
solution did not meet the requirements of the design brief, and although 
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the DETECT trees were referred to extensively during the session, their role was to confirm or 
support the initial design concept which had been generated prior to the session. 
c 
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Figure 8-8: Final Design 
The next two figures show the design solutions generated by one of the Taiwanese participants 
who had considerable experience in the design of small products and interest in the 
development of computer systems to support design management. These sketches were 
produced at the end of the session, but before completion of the matrix. 
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Figure 8-9: Design Sketch of toothbrush (a) 
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Figure 8-10: Design Sketch of toothbrush (b) 
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This, and similar activities of other participants is taken as a need to link DETECT to 
production activities (i. e. drawing and sketching) during concept design. This was not a result 
which could have emerged without the use of designers as participants in the investigation, and 
is one of considerable importance in moving the use of ergonomics in design forward. 
Figures 8-9 and 8-10 clearly show the use of the sketches for the annotation and recording of 
design decisions (which again could have been attached to DETECT cells), and also the 
overdrawing which is characteristics of many design sketches, and which makes computer 
support of sketching difficult. A sketch is fast, can be quickly changed and evolves (usually by 
overdrawing as indicated in Figure 8-10). 
8.6.3.4.3 SUMI 
After having finished the main session, the participants completed the standard SUMI 
questionnaire. Figure 8-11 provides a comparison of the scores achieved by DETECT (in 
black) and ADECT (in red and to the right). This shows that the DETECT software was rated 
as `above' state of the art, and was an overall improvement on the earlier system. The 
comparable ADECT usability study can be found in Section 6.9.2. 
Figure 8-11: Comparison of SUMI Results for DETECT v1.0 and ADECTv2.0 
The graph shows the medians and upper and lower 95% confidence intervals for both 
DETECT shown in black, and ADECT shown in red and to the right of the items. This shows 
that a measured improvement occurred across all SubScores. The scores awarded to the 
software by the Loughborough participants were generally lower than those given by the 
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Derby ones. In the following tables, the items have been sorted into the relevant sub scales. 
The Profile column consists of 
Table 8-1: Efficiency Sub-Scores for DETECT 
ITEM Profile Agree DK Disagree FAV OBSERVATION 
16) This software Obs'd 054 Too many don't 
seems to disrupt the Exp'd 1.0 1.5 6.5 knows, but more 
way I normally like Chi Sq 1.0 7.9 0.9 favourable than 
to arrange my work. 9.81** otherwise 
1) This software Obs'd 009 Response time not a 
responds too slowly Exp'd 1.9 1.2 5.9 problem. Software 
to inputs. Chi Sq 1.9 1.2 1.6 optimised and running 
4.64 on high performance 
machine 
11) I sometimes Obs'd 333 Indicates some 
wonder if I am using Exp'd 3.1 1.1 4.9 confusion over 
the right command Chi Sq 0.0 3.4 0.7 functionality of the 
4.13 system 
26) Tasks can be Obs'd 630 Participants liked the 
performed in a Exp'd 6.2 1.4 1.4 first form and the tree 
straight forward Chi Sq 0.0 1.7 1.4 structures 
manner using this 3.05 
software. 
21) I think this Obs'd 108 This seems to be at 
software is Exp'd 1.3 2.0 5.8 odds with the expert 
inconsistent. Chi Sq 0.1 2.0 0.9 appraisal which found 
2.9 many inconsistencies 
46) This software Obs'd 405 This again is in 
occasionally Exp'd 3.1 2.0 3.9 reference to the 
behaves in a way Chi Sq 0.2 2.0 0.3 functionality matrix 
which can't be 2.54 
understood. 
6) I sometimes don't Obs'd 423 More user support is 
know what to do Exp'd 2.8 1.3 5.0 needed. 
next with this Chi Sq 0.5 0.4 0.8 
software. 1.73 
31) It is obvious that Obs'd 441 Many liked the font 
user needs have Exp'd 3.3 3.2 2.4 and the notepad areas 
been fully taken into Chi Sq 0.1 0.2 0.8 
consideration 1.15 
41) The software Obs'd 324 Participants thought 
hasn't always done Exp'd 4.6 1.4 3.0 they were entering 
what I was Chi Sq 0.6 0.2 0.4 information directly 
expecting 1.13 into the matrix, when 
they were only setting 
up input parameters 
36) There are too Obs'd 216 X Major problem with 
many steps required Exp'd 1.9 1.7 5.4 the procedure of 
to get something to Chi Sq 0.0 0.3 0.1 entering information in 
work 0.37 the cells of the matrix 
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Table 8-2: Affect Sub-Scores for DETECT 
ITEM PROFILE AGREE DK DISAGREE FAV OBSERVATION 
22) I would not like Obs'd 243 A lot of dk's in this, 
to use this software Exp'd 2.2 1.4 5.4 which is worrying. 
every day. Chi Sq 0.0 4.6 1.1 
5.63 
7) I enjoy my Obs'd 810 This was confirmed in 
sessions with this Exp'd 4.8 2.8 1.4 the video's, where 
software. Chi Sq 2.2 1.1 1.4 participants especially 
4.78 enjoyed changing the 
values of the matrix 
cells and trying to 
optimise the solution 
37) I think this Obs'd 018 This is quite surprising 
software has made Exp'd 2.1 1.5 5.4 given the complexity 
me have a headache Chi Sq 2.1 0.2 1.3 of the matrix. 
on occasions. 3.51 
47) This software is Obs'd 009 Participants felt the 
really very awkward Exp'd 0.9 1.4 6.7 software was simple 
Chi Sq 0.9 1.4 0.8 and straightforward. 
3.16 
12) Working with Obs'd 612 This confirms the 
this software is Exp'd 4.8 2.9 1.4 earlier statements, 
satisfying. Chi Sq 0.3 1.2 0.3 Participants did get a 
1.86 sense of satisfaction 
out of using the 
system. 
17) Working with Obs'd 441 
this software is Exp'd 3.1 3.1 2.8 
mentally Chi Sq 0.3 0.2 1.1 
stimulating. 1.67 
27) Using this Obs'd 315 See previous 
software is Exp'd 1.8 1.8 5.4 comments 
frustrating Chi Sq 0.8 0.4 0.0 
1.19 
42) The software has Obs'd 612 See previous 
a very attractive Exp'd 4.9 2.4 1.7 comments 
presentation. Chi Sq 0.3 0.8 0.0 
1.16 
2) I would Obs'd 531 See previous 
recommend this Exp'd 5.8 2.0 1.3 comments 
software to my Chi Sq 0.1 0.5 0.1 
colleagues. 0.68 
32) There have been Obs'd 324 See previous 
times in using this Exp'd 3.1 1.3 4.6 comments 
software when I Chi Sq 0.0 0.4 0.1 
have felt quite tense. 0.52 
All of the above answers tend to support each other and reveal quite favourable attitudes 
towards the software. 
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Table 8-3: Learnability Sub-Scores for DETECT 
ITEM Profile Agree DK Disagree FAV OBSERVATIONS 
45) It is easy to Obs'd 144 Help, in the form of 
forget how to do Exp'd 2.6 1.5 4.9 the experimenter was 
things with this Chi Sq 1.0 4.0 0.2 always to hand. 
software. 5.13 
20) I prefer to stick Obs'd 243 
to the facilities that I Exp'd 4.0 1.5 3.5 
know best. Chi Sq 1.0 4.0 0.1 
5.03 
15) The software Obs'd 630 Participants were 
documentation is Exp'd 3.3 3.8 1.9 provided with a 
very informative. Chi Sq 2.1 0.2 1.9 manual prior to 
4.19 working with the 
software which they 
did read 
30) I keep having to Obs'd 243 This was not 
go back to look at Exp'd 2.0 1.7 5.3 applicable 
the guides. Chi Sq 0.0 3.1 1.0 
4.07 
50) I have to look Obs'd 225 This was not 
for assistance most Exp'd 1.0 1.0 7.0 applicable 
times when I use this Chi Sq 1.0 1.0 0.6 
software. 2.64 
25) There is too Obs'd 027 
much to read before Exp'd 1.7 1.9 5.4 
you can use the Chi Sq 1.7 0.0 0.5 
software. 2.19 
10) It takes too long Obs'd 018 The experimenter was 
to learn the software Exp'd 1.3 1.4 6.3 on hand to assist the 
commands. Chi Sq 1.3 0.1 0.5 participants 
1.85 
35) Learning how to Obs'd 315 The experimenter was 
use new functions is Exp'd 1.7 2.2 5.1 on hand to assist the 
difficult. Chi Sq 1.0 0.6 0.0 participants 
1.6 
40) I will never Obs'd 234 The experimenter was 
learn to use all that Exp'd 3.8 2.0 3.2 on hand to assist the 
is offered in this Chi Sq 0.8 0.5 0.2 participants 
software. 1.54 
5) Learning to Obs'd 117 The experimenter was 
operate this software Exp'd 2.4 1.4 5.2 on hand to assist the 
initially is full of Chi Sq 0.8 0.1 0.6 participants 
problems. 1.54 
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Table 8-4 Control Sub-Scores for DETECT 
ITEM Profile Agree DK Disagree FAV COMMENT 
14) I feel safer if I Obs'd 441 Some participants did 
use only a few Exp'd 3.7 1.4 4.0 not use all the 
familiar commands Chi Sq 0.0 5.2 2.2 functions available tot 
or operations. 7.44* hem 
9) If this software Obs'd 063 
stops it is not easy to Exp'd 1.9 2.6 4.5 
restart it. Chi Sq 1.9 4.4 0.5 
6.79* 
29) The speed of Obs'd 900 Speed was not an 
this software is fast Exp'd 5.3 1.3 2.4 issues 
enough. Chi Sq 2.6 1.3 2.4 
6.25* 
49) Getting data Obs'd 054 This was not 
files in and out of Exp'd 1.5 2.5 5.0 attempted. 
the system is not Chi Sq 1.5 2.4 0.2 
easy. 4.15 
4) The software has Obs'd 3,06 One participant 
at some time Exp'd 4.5 0.7 3.8 crashed the system a 
stopped Chi Sq 0.5 0.7 1.3 couple of times 
unexpectedly. 2.52 
44) It is relatively Obs'd 801 Participants were able 
easy to move from Exp'd 6.4 1.4 1.3 to move from one part 
one part of a task to Chi Sq 0.4 1.4 0.1 of the system to 
another. 1.81 another easily 
39) It is easy to Obs'd 522 
make the software Exp'd 3.5 3.2 2.3 
do exactly what you Chi Sq 0.6 0.5 0.0 
want. 1.13 
34) The software Obs'd 711 Hot keys, menus and 
allows the user to be Exp'd 5.7 1.9 1.4 cursor control for all 
economic of Chi Sq 0.3 0.4 0.1 major items of the 
keystrokes. 0.87 software 
24) This software is Obs'd 243 Participants only had a 
awkward when I Exp'd 3.0 3.1 2.9 short time to use the 
want to do Chi Sq 0.3 0.2 0.0 software, so could not 
something which is 0.55 get a feel for this 
not standard 
19) I feel in Obs'd 621 
command of this Exp'd 5.4 2.1 1.5 
software when I am Chi Sq 0.1 0.0 0.2 
using it. 0.25 
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Table 8-5: Helpfulness Sub-Scores for DETECT 
ITEM Profile Agree DK Disagree FAV COMMENT 
8) I find that the Obs'd 027 This referred to the 
help information Exp'd 2.4 2.7 3.9 user manual and the 
given by this Chi Sq 2.4 0.2 2.5 support provided by 
software is not very 5.14 the experimenter 
useful. 
18) There is never Obs'd 036 
enough information Exp'd 1.8 1.8 5.4 
on the screen when Chi Sq 1.8 0.8 0.1 
it's needed. 2.67 
28) The software has Obs'd 261 Not applicable 
helped me overcome Exp'd 2.4 4.0 2.5 
any problems I have Chi Sq 0.1 0.9 0.9 
had in using it. 1.93 
33) The organisation Obs'd 810 From an inspection of 
of the menus or Exp'd 6.4 1.4 1.3 the videos, this was 
information lists Chi Sq 0.4 0.1 1.3 answered in relation to 
seems quite logical. 1.76 the trees, as opposed 
to software functions 
23) I can understand Obs'd 810 
and act on the Exp'd 6.3 1.9 0.8 
information Chi Sq 0.5 0.4 0.8 
provided by this 1.69 
software 
43) Either the Obs'd 234 On line help system 
amount or quality of Exp'd 2.4 4.1 2.4 still not available on 
the help information Chi Sq 0.1 0.3 1.0 this version 
varies across the 1.4 
system. 
3) The instructions Obs'd 711 This referred to the 
and prompts are Exp'd 5.3 2.0 1.7 user manual and the 
helpful. Chi Sq 0.5 0.5 0.3 support provided by 
1.32 the experimenter 
13) The way that Obs'd 612 see 33 above 
system information Exp'd 5.2 2.3 1.5 
is presented is clear Chi Sq 0.1 0.7 0.1 
and understandable. 0.96 
48) It is easy to see Obs'd 621 
at a glance what the Exp'd 5.1 1.8 2.1 
options are at each Chi Sq 0.1 0.0 0.6 
stage. 0.72 
38) Error prevention Obs'd 333 Not enough attention 
messages are not Exp'd 2.4 3.3 3.2 has been given to error 
adequate. Chi Sq 0.1 0.0 0.0 messages 
0.18 
0 Observed (Obs'd) - the responses of the actual users to each item; 
0 Expected (Exp'd) - the number of responses expected on the basis of the standardisation 
database; 
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" Chi Square (Chi Sq) is the goodness of fit between the observed and expected values. 
The greater the value of the total Chi Square, the more likely it is that the obtained values 
differ from what is expected from the standardisation database. 
In each subsection, the items which differ most from the standardisation are presented first. 
Those items marked by ** are at least 99% certain to be different, those with *, 95% likely to 
be different. The fourth column is a judgement as to whether the scoring on items reflected 
particularly favourably () or unfavourably (X )on the software. The last column details any 
pertinent observations derived from the video of the trials. 
Although not too much credence can be paid to direct comparisons between the two sets of 
SUMI scores, the set of tables would indicate the DETECT v1.0 was a more usable system 
than ADECTv2.0. 
8.6.3.4.4 Video Analysis 
All the sessions were video-ed. As participants had not been specifically instructed to 
verbalise their activities, it was difficult to determine directly the nature of any problems 
which they experienced with the software (see Section 8.5.3.5). The previous study (detailed 
in Chapter 7) had indicated some group differences in usage patterns (e. g. some groups did 
not use the matrix). 
In this study, the videos were used to show the manner in which the participants used the 
different parts of the system. The videos showed that both the ergonomists and the designers 
worked through the task in a highly organised manner, following the design brief quite 
closely. All except one participant worked through the consumer and product trees in a 
systematic manner, starting with the top level of the consumer tree, opening and closing 
branches, and looking at the notes they contained. The exception to this was one designer, 
who started with the product issues first. All participants, spent longer considering the 
consumer issues than the product issues. Figure 8-12 shows that the designers, as a group, 
spent substantially longer considering the consumer issues, than the product issues. 
Figure 8-12 also reveals other differences between the two groups, which had not been 
anticipated. Notably, the designers spent a larger proportion of time thinking about issues 
raised by the product instigation form and in sketch activities They did not spend a lot of 
time generating the matrix, or linking product and user issues (`both' category in Figure 8- 
12). It is believed that this finding, although based on a very small sample is of central 
importance to the design of future ergonomics decision support systems (Section 8. And 
Chapters 9 and 10). For ergonomists the output of the concept design stage may be 
265 
adequately represented as a functionality matrix, for designers the output of this stage is 
typically an annotated sketch. 
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Figure 8-12: Differences in Use of DETECT by Ergonomists and Designers 
8.6.3.4.5 Semi-Structured Interviews 
Following completion of the SUMI questionnaire participants were engaged in a semi 
structured interview, which was designed to establish: 
" their understanding of the purpose of the software; 
" their general attitudes towards it; 
" usability and design issues; 
" the extent to which the software could he used in practice. 
All participants understood the purpose of the software, i. e. to encourage user centred design 
and were able to describe the function of the various screens and sub screens. Overall attitudes 
to the software were very favourable, even though there had been several crashes that resulted 
in the functionality matrix not working perfectly. The results have been pooled for all 
participants and are outlined below firstly in terms of the separate parts of the system, and then 
in terms of overall attitudes and the place for DETECT as a design support system. Where 
there are discrepancies between the designers' and ergonomists' views these are noted in the 
text. 
Product Instigation Form 
By the time the participants had completed this form, they had determined what their design 
should be e. g. "Should have a pretty good concept of what you are going to be designing at the end of this 
stage" It was considered to be very straightforward with helpful prompts and "questions designed to 
get you to think about what you are doing and why you are doing it. Brings things to the forefront of your mind. " 
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The ergonomists on the whole tended to have more problems understanding some of the 
questions especially in relation to "How will the design effect the consumer? " which was 
considered to be vague and ambiguous by three of the participants. Designers, on the other 
hand had no problems with these questions. 
The actual interface lay out (see Figure 8-2) was also viewed favourably. For example, 
participants liked the "black background and font as it was clear that it was a designer tool. " They would 
have liked an additional prompt to remind them to complete all the items. 
Consumer, Product Trees and Associated Forms 
The trees were considered to be "straightforward and easy to use" as they were, "very familiar with it 
from windows, easy to add new branches... liked font differentiation for headers and branches. " Expanding, 
collapsing and editing branches was found to be easy, and the hierarchical nature helped in 
structuring ideas. 
Although the trees initially looked complicated, all participants commented that "need only to be 
told once how to do something" and that it was really rather simple, again as attested by the 
following statement, "not all of it is obvious first time round. But there is really not much there and once you 
have done it once you don't forget it. " 
Participants quickly learnt to navigate the trees, select items to go into the functionality matrix 
and associate items. In these tasks they did incur some usability problems; Mac users had to 
adapt to a two buttoned mouse, deletion was felt to be too easy, especially of the whole tree 
(an undo button was still required); `automatic save' was required as it is a function which is 
expected and relied on. 
Inadequate instruction accounted for some usability issues, for example, concerning the role 
of the headers and the association forms, not being shown mouse and keyboards short cuts, 
and failure to explain that pop up windows were movable. Additional usability issues were 
raised in association with the product tree. It has already been noted that this is a two stage 
process to inserting product values. The first requires establishing a range of parameters for a 
particular value, for example overall toothbrush length can be of the range 10 to 20cm. This 
range is entered into the template whilst working on the product tree. When working on the 
matrix, a smaller range of values can be inserted into any relevant cell which, in effect, tailors 
the range to meet the requirements of the consumer. For example, a child's brush may need to 
be of length 10-12 cm, because they have smaller mouths and hands, and are less dextrous 
then adults. The instructions given to participants was that when they used the association 
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form, they were selecting the actual values for the matrix cells. In effect this meant that when 
they used the system they were performing the same operation twice. This lead to 
understandable confusion and frustration. 
Attitudes towards the role of the template in aiding design were ambivalent. All participants 
thought they could have generated one for themselves and found the one provided was useful, 
for example "helps to have a template that you can add on to. If you have experience most of these things will 
be in the back of your mind, for one with no experience it is good, ". Some would have liked a fuller 
template, with explanatory notes attached to each of the headers and branches on both the 
consumer and the product tree. However, more than one participant commented that having 
the template made them lazy, the information was there and they did not have to think for 
themselves. This may detract from innovative design. 
Functionality Matrix 
All ergonomists, but only two of the designers used the functionality matrix and it was 
generally the least liked part of the system. Reasons for this included: 
0 It appeared confusing initially e. g. "When I first looked at the matrix I did not understand why it had 
so many lengths, but when I saw the product tree it was obvious why there were so many. " 
" cluttered, " `N/a' very distracting. Should have been black. Looked like a pattern white and brown. 
Difficult to focus. " The contrast between the light and dark colours was exacerbated by a 
poor monitor which required the contrast being turned up high to actually work, which 
resulted in comments such as "cell summary at top was unreadable" and, "brown and black not 
good. " The designers, who worked with a correctly tuned monitor did not comment on the 
colours. 
" The participants did not know what to do with the matrix, for example, "did not like having to 
alter the value of the cells once they had been typed in to the product tree already. Should not be a question 
mark as you have already assigned a value to them. " 
" Most of the participants required extra tuition when they came to use it or an on-line help; 
and a legend to explain the colour coding. 
" They did not like the notes at the top of the matrix, which they tended to ignore. 
" Editing cell values was seen as repetitive. This might have been due to the fact that they 
thought they had already entered them, and were unaware of the `change all 
row/column' function. 
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Once the participants had become accustomed to the matrix they were fairly competent in its 
use, and moved freely between the matrix and the trees to change items on the matrix, add or 
delete associations e. g. "going back between trees and matrix was very easy" and "lot of information in 
there which was frightening at first. At the end was able to do everything and had no problem... felt very 
confident. " Not being able to have both the trees and the matrix on the screen at the same time 
was not considered to be a problem. Although participants were able to generate sub matrices, 
they mostly preferred to work on the full one, as they liked to gain an overview of what they 
were doing. 
As has been shown in Figure 8-12, the designers did not use the functionality matrix to as 
large an extent as the ergonomists, and once they had explored it, moved on to their sketches. 
The ergonomists liked the `optimise' function of the matrix a lot. This was a new feature of 
DETECT. Once some values have been entered into the matrix, the optimise function 
generates a `solution' which will best fit the data shown in the matrix, will show the relative 
success of the optimisation and the cells containing greatest conflicts. The completion of the 
matrix deteriorated into a game in which the aim was to change the value of the cells to 
produce an overall light green (optimum) solution for any particular column, and remove all 
red (conflicting cells). 
This was a somewhat worrying development, as clearly the algorithm was not working 
properly at the time, and the participants had ceased to consider the effects of what they were 
doing. For example, "red cells were good, and gave confidence about the design. Not sure where the 
information was coming from... little man behind there who knows more than I do" and "to be able to get the 
prototype to optimum means that you are on the right track, regardless of the meaning. " Clearly some 
automation of the design process could be achieved using this system, but the users should 
actually be aware of the changes which they are making and how this will impact on the 
consumer issues, which did not appear to be the case in these user trials. 
However the matrix "helped to sort out relative priorities in different parts of the design. Could look at places 
where could try to improve the design by showing the changes in colour. Can actually see whether you are 
changing something for the worse or the better. ' 
DETECT and the Design Process 
In the last section of the interview participants were encouraged to consider whether 
DETECT would have a role in the design process. Almost all of the responses were 
favourable. The following summarise the issues raised: 
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" tree structures could be used to confirm with clients what issues had been considered 
during the generation of the concept design, and could be used as a checklist. Collapsing 
and expanding trees would help in communication with clients because "would help to 
communicate ideas to other people.... could draw something, then look at the user issues and talk about what 
you are going to do with it. Could summarize things and talk about things like cultural issues, could show 
them the things you had looked at depending on their level of understanding". The matrix could also be 
used "for working with clients - others, when could show the effects of making a change in one of the 
values which might lead to a sub-optimum solution. " 
" Additionally the trees could "help to resolve ambiguity if you all talk in the same language e. g. 
Anthropometry/dentition. " 
" the tree structures helped brainstorming and the organisation of ideas. 
" the matrix "is the most important part. Think you could achieve a satisfactory design outcome using this 
software" and would be good for rapid prototyping. 
" the whole system is more flexible than pen and paper, for example, "easier than pen and paper 
to go back and change ideas. Have to write down ideas for a whole lot of people, " and the "matrix allows 
you to see how your thoughts go together which may be impossible on pieces of paper. " 
" it was seen as an "asset for groupwork" in which "could also have input from others - more people 
sitting and using it to brainstorm, and then you could use these combinations to arrive at an optimum. " 
" the ergonomists saw the system as acting as a bridge between ergonomics and design 
" enriched the design process "because you have consumer and design issues, whereas designers do not 
consider consumer issues, here you have to, it makes you interlink, what are the goals and the objects of the 
design, who is it for, how does it interlink, " It was also seen as a "different way of looking at the 
design. You are normally given a pretty design and asked to fit the user into it. This is a better way of doing 
it. Have to start from the people rather than the product. have to write before you draw. " 
In terms of the use of the system to support design activity, the negative comments related to 
the acceptance of the system by older more established designers. For example one of the 
ergonomists thought designers might be put off by " how long it takes. Would it be faster just drawing 
it on paper by themselves, unless they want to consider user issues. You could become really quick using it. 
Experienced designers might just say why do I need this. Young designers might not. " 
The most experienced of the designers who participated in the evaluation would use the 
system if available, in his own practice for communication with clients, to show them the 
issues which he had considered when making the design, and how they linked to the product 
features. However, he did not feel that his final design was shaped by the use of the system. 
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The ergonomists could translate the prototype into a concept design, even if they could not 
draw it (for example, the ergonomists described, from the matrix what they thought the 
design would be like). However, most expressed the opinion that the system needed to be 
linked to some form of graphical package either by "inserting images into the note fields, " for 
example clip art, images off the Internet of competitors products, or more importantly, to 
produce the final designs. For example, "if I was a designer might be strange 'cos you don't actually 
draw, don't get a design at the end you only get ideas. " 
8.6.3.5 Discussion 
The results from the SUMI assessment were favourable, indicating that the software was 
`ahead of the state of the art, ' and was consistently rated more favourably than the original 
ADECT system. 
However, the evaluations revealed a number of changes which needed to be addressed in the 
course of iterative development. Some of these were superficial e. g. requiring the change of a 
button name, some required deeper structural changes e. g. changes to the manner in which 
information was incorporated into the functionality matrix. Some of the requirements from 
the different user groups conflicted e. g. the designers liked the non standard interface, 
whereas the appraisers clearly did not; the client wanted different types of data shown in the 
matrix, the users though this was confusing. Some of the emerging requirements, although 
extremely important could not be achieved within the lifetime of this research e. g. linking of 
the system to graphical packages. Additionally, as this was commissioned research, the 
clients requirements had also to be taken into account. Section 8.7 outlines the software 
development which followed the evaluations. 
The most interesting findings in the evaluation studies were not, however, those which 
concerned HCI development, but rather those which related to the extent to which the users 
felt the system would support their design activity. The interview results (Section 8.6.3.4.5) 
were very positive in this respect. Both the designers and ergonomists thought that the system 
provided support for concept design, helped structure ideas, provided a good means of 
showing project related information, communicating ideas to others and reducing design drift. 
The video analysis indicated a difference in the way in which DETECT was used by 
ergonomists and the designers, with the ergonomists spending a greater percentage of their 
time considering product issues and generating the matrix. Although this obviously has a lot 
to do with training (e. g. ergonomists might not be able to draw, have less knowledge of 
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design issues), the output of DETECT, as a functionality matrix, might be more compatible 
with the way in which ergonomists formulate and represent problems, than with the visual 
literacy of designers. If this is the case, then this may be a further obstacle to the integration 
of ergonomics in concept design. 
8.6.3.6 Conclusions 
DETECT was rated more favourably than ADECT in the SUMI assessment, and the 
interviews showed that participants understood and could use the system. None of the 
participants in this usability trial commented unfavourably on the design of the interface. The 
reasons for the system crashes were identified and corrected. The usability study again 
confirmed the need for an on-line help system, and highlighted the entering of information in 
the matrix cells as being especially problematic.. 
All participants thought the system interesting and could see a role for it in design activity, 
either as a support for an individual, a design team, or for communication with clients. A need 
was established to link the system to a drawing package which would allow either the import 
of images or sketches to be made of design ideas. 
8.7 Subsequent System Development 
The system development following the 
usability assessments had to be 
undertaken according to the clients 
requirements and the available time 
scale of the project. Therefore not all 
the usability suggestions were taken 
up. This section provides an overview 
of those that were. 
The Product Instigation Form was 
simplified, as can be seen from Figure 
8-13 so that additional comments and 
hints remained on the screen at all 
times. The forum appears less cluttered 
with only three scroll bars instead of 
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Figure 8-13: Revised Product Instigation I»'I'ECTv2.0 
the many, which were in the original form. The white on black note area remains as this was 
popular with the users of the system. 
Figure 8-14 shows the revised interface for the consumer and product trees. The main changes 
to this involved the removal of the buttons and their replacement with a menu bar along the top 
(a standard feature of most Windows applications). Again this was in accordance with the 
expert appraisers. Although this shows the colour version of the interface, users were free to 
select a black and white screen display, and replace the icons with text symbols (which meant 
the system had a more generic feel to it). A `history' menu was also available for the selection 
of previously saved versions of the f iles. The projects were also now password protected for 
added security. 
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Figure 8-14: Revised Tree Form DE'I'ECTv2.0 
All users had requested context sensitive help. Full on line help was provided, which was of a 
similar style, structure and functionality to that provided in all windows applications. The 
functionality matrix remained essentially the same. The colours were altered, and up to three 
prototypes could be shown at once. The manner in which values were entered into cells was 
simplified, so that values could be entered either directly from the tree when associations were 
being made, or during inspection of the functionality matrix itself. These were the chief 
concerns expressed in the usability study. 
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The final version of the software also included an interface for the semi automatic generation 
of different types of reports. The interface for achieving this is shown in Figure 8-15 below. 
This allows for either summary or full reports to be generated which can include a list of all 
the issues considered (or only sub-lists thereof, based on the attributes). The functionality 
matrix could be automatically saved to a form in which it could be read, and edited as a 
spreadsheet; up to three prototypes could also be included; separate print outs of all notes (or 
sections thereof) as Appendices could also be produced. 
8.8 Discussion 
The commissioned project enabled ADECT to be iteratively developed taking into account 
the results from the previous investigations and also the usability assessments. It was believed 
throughout the project that the company wished to adopt a more clearly defined design 
process, which was more user centred in nature. This would lead to a product which more 
clearly matched consumer needs as predicted by the Marketing Department. The 
commissioning of this research should therefore be seen in a wider context of incremental 
organisational change. Designers and their managers are increasingly willing to adopt and 
adapt research tools and techniques to enhance their design practice, and create better 
products and to illustrate that consumer issues are important and should be considered 
throughout the design process. The development of DETECT may be viewed in this light, as 
a system which has been introduced into the company to exemplify the need to consider 
consumer requirements at the start of the design process, and focus those requirements in an 
ergonomics specification. 
The transformation of ADECT into an ergonomics decision support system which met the 
needs of the client was undertaken through a process of iterative development and interface 
refinement based on discussions and demonstrations with the client, the potential users of the 
system, reviews of available information and usability studies. 
The final version of DETECT met the specific needs of the client, in terms of templates, 
linking to external data sources and the automatic generation of reports. These requirements 
also meant that DETECT was more effective as an ergonomics decision support tool, because 
it was demonstrated that: 
0 the front end of the process (the Product Instigation Form) was more designer friendly; 
0 the project could link to company wide data sources of ergonomics information (such as 
Excel spreadsheets), which increased the knowledge base of the designer; 
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" data could be output to spreadsheets, and edited in other applications; 
" reports could also be generated which could form the basis of the product specifications. 
" the functionality matrix, whilst probably still not the best means of representing data, could 
contain actual cell values (in ADECT only compatibilities were shown), which allowed the 
development of prototype solutions; 
" prototype solutions could be evaluated as they were created; 
" an archive filing system was created which allowed users to access previous versions of the 
project. 
ALL ALL 
attr: ergonomic type=TASK perceptual 
attr: ergonomic type=INTRINSIC attr: perceptual 
attr: ergonomic type=USAGE attr: brush usability 
ettr: ergonomic type=ENVIRONMENT 
attr: ergonomic type=ASSOCIATION 
IncL solo attrs Consumer issue filters F, Incl. solo attrs Design issue filters 
Save as spreadsheet text files 
r Prototype compatibility 
Compatib lty matrix 
T- Functionality matrix 
r Functionality matrix notes 
Appendices 
Wo Consumer issues r Include notes 
Protoypes I7, Design issues r Includ notes' 
ptional compatibility tables r Prototype design r Include notes 
Fv Show prototype compatibility with reports r Project history 
P Show compatibility matrix with reports I- Project strategy 
kenerate Report , Help finish 
Figure 8-15: Interface to Report Generator DETECTv2.0 
However, the tailoring of the system led to the abandonment of the project documentation 
database (which the client did not consider to be useful). Although this was effectively only a 
series of fields to hold records of information sources, it was considered an important part of 
the project history and documentation, which could be referred to by the different project 
personnel. 
Additionally, increasing the amount of information contained in the cells of the functionality 
matrix led to confusion (section 8.6.3.4.5). Although this was specifically designed in 
accordance with the client's requirements, as a representation of product requirements it is not 
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good. It is both visually confusing and hard to interpret (for example, measurement units vary 
from column to column). In the usability studies, participants expressed some consternation 
when it was first presented, which it should be acknowledged, disappeared when they started 
to work with it. 
The client also expressed a requirement for the automatic evaluation of prototype solutions, 
which could be used in conjunction with the functionality matrix and the trees to develop a 
solution which fulfilled consumer requirements (ADECT had just allowed users to indicate 
and consider those cells where there was an incompatibility between user requirements and 
product functions). Presented with such functionality, the participants worked towards 
generating an optimum prototype without due reflection on the meaning of the actions they 
were taking. Obviously one cannot extrapolate from this that designers would behave in such 
a frivolous manner. However, the behaviour might indicate that more research is required to 
consider both the meaning and representational format of the template, and in training users 
on the system. For example, a simple solution might be to prevent crucial values from being 
altered in the matrix (e. g. ones which have high priority), and acknowledging that an 
optimum solution may be unattainable. 
One of the features of the previous investigation (Chapter 7) was that the users required more 
assistance in progressing their design brief. This did not emerge during this trial because a 
more detailed template of design issues was drawn up, the instructions emphasised the 
manner in which the work should be undertaken, and the participants had greater levels of 
design experience 
The video analysis and interviews with participants clearly showed that user centred design 
was systematised (if not enhanced) through the use of DETECT, and that this had been 
achieved in a way which was `fun to use. The participants were not necessarily accustomed 
to structuring their thoughts in a systematic manner and they found the DETECT template 
useful in helping them to identify which user issues needed to be considered in determining 
product attributes, for example, the consideration of hand size in relation to the specification 
of the toothbrush handle. As a learning tool, or a checklist for designers, going through these 
associations will reveal where issues have been omitted or not subjected to the same degree 
of rigour. The questions on the product instigation form were seen as enhancing consumer 
oriented thought; a process which is not necessarily supported by other systems. 
As an ergonomics decision support system, the interviews with the participants indicated that 
the system did meet many of the initial user requirements e. g. it supported brainstorming, 
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rapid prototyping, was easy to use, and could aid in communication between design teams. 
Through the development of the system and the analysis of its use, a further requirement has 
emerged, which indicates that the present generation of ergonomics decision support systems 
(ADECT and DETECT) might not fully support ergonomics in concept design because they 
fail to integrate user issues in the representational media designers use, i. e. sketches and 
models. This issue is discussed further in the following chapters. 
DETECT v2.0 was not evaluated. However, it is believed that the modifications which were 
made would have increased the usability of the overall system by standardising labels, 
presenting system functions on pop up menus, deactivating options which were not available 
at the current time, providing an on -line help, and reducing the amount of repetitive data 
entry. 
8.9 Chapter Summary 
This chapter has shown the way in which ADECT was tailored to meet the requirements of a 
company specifically involved in the design of small products. The usability studies 
contributed to the development of a refined and more usable interface. The discussions with 
the client produced an ergonomics decision support system which was fundamentally more 
supportive of design activity and tailored to meet the client organisation's requirements with 
regard to the development of one product group. 
DETECT was rated as being `above state of the art' by the participants in the usability study. 
The system led to a structured consideration of user centred design, was easy to use, quick to 
learn, fun, and might enhance team working and communication with clients. This study also 
demonstrated the need for further enhancement of the system in terms of the entering of data 
into the functionality matrix. This was addressed in the final release. An additional need was 
clearly expressed to link the system with a graphical package, either for importing images or 
to allow the designers to sketch out their concepts. In terms of the overall aims of the thesis 
the chapter has shown that the requirements for an ergonomics decision support system were 
fulfilled in DETECT, and that the system did support the use of ergonomics in concept 
design. 
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9 Overall Discussion and Conclusions 
9.1 Chapter Outline 
This, the final chapter of the thesis summarises the research in terms of the "understand- 
propose-realise-evaluate" research lifecycle and discusses the results in terms of the overall 
aims and objectives. It then considers the contributions to knowledge and possible future 
directions, before the presentation of the overall conclusion. 
9.2 Summary of the Research 
The research commenced from the initial observation that although there was an enormous 
amount of ergonomics information available to inform product design, designed artefacts still 
suffered from usability problems. Obviously there are many different reasons for the failure 
of products to meet the potential users requirements, and not all of these are concerned with 
ergonomics. The aims of this research (as outlined in Chapter 1) were to: 
1. understand the use of ergonomics in the design process; 
2. consider factors which might effect the use of ergonomics information by designers; 
3. develop a means of supporting the use of ergonomics in the design process. 
Whilst the overall objective of the research was to improve the way in which ergonomics is 
used in the design process the following three objectives were specifically formulated to 
address the aims outlined above: 
1. to understand why ergonomics was not employed as effectively as it might during the 
design process; 
2. from this understanding develop methods which could be used to improve the integration 
of ergonomics in design; 
3. to use the iterative software development process, and the software itself to further 
understand the way in which ergonomics may be integrated into concept design. 
Figure 9-1 shows the relationship of this chapter to the rest of the thesis. The Chapter presents 
the main research findings in relation to the research lifecycle (shown in the left hand 
column) and discusses them in terms of the overall aims and objectives outlined above. 
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9.2.1 Understand 
The research methodology adopted, as shown in Figure 9-1, necessitated an understanding of 
the process to be supported, the extent to which ergonomics information and tools and 
techniques were currently used by designers, and the requirements of the potential users of 
the system, prior to any proposals for solutions. 
The initial research aims (i. e. to understand the process and consider factors which might 
effect the use of ergonomics information by designers) were met through a literature review, 
interview study and postal survey. This section discusses the issues arising from these studies 
that helped to formulate the next stage of the research. 
The review provided insight into the general design process, its contemporary context, the 
manner in which ergonomics is employed at different stages, and previous research 
considering the relationship between ergonomics and design (Sections 2.5 and 4.4). 
In terms of the development of a general ergonomics decision support system, importantly, 
the review indicated that design was considered to proceed in a similar manner regardless of 
domain. Therefore, a system developed to support design in one domain might support the 
incorporation of ergonomics in others. 
In the following three sections the results of the user requirements capture investigations are 
discussed in terms of the first two aims, i. e., understanding the use of ergonomics in the 
design process and the consideration of factors which might effect the use of ergonomics 
information by designers. 
9.2.1.1 The Design Process 
Design can be represented as proceeding in an orderly manner commencing with the 
clarification of the design brief. However, research indicated (and this research confirms) that 
not only are stages sometimes omitted, but also that the initial stages may not be well defined 
leading to a poor match between user needs and product requirements. It is also generally 
accepted that the front end of design is the stage where ergonomics can be most beneficial in 
terms of overall product development. These findings were taken as indicating the potential 
for a general-purpose ergonomics decision support system, which could aid designers in 
specifying user issues, and which would add structure to this stage. Although the user 
requirements for the system emerged from the requirements of automotive engineers and 
designers, these should be transferable to the design of a generic system. This did indeed 
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prove to be the case, as shown in the Figures in Chapter 6 and the ease with which the 
original system was tailored to a more general purpose system, DETECT in Chapter 8. 
The review and surveys showed that design was about a compromise between many different 
issues such as cost, performance and aesthetics as well as ergonomics. Elliot, Wright and 
Galer Flyte (1999) concluded that items which are easy to specify, such as cost and 
performance may be given a higher priority than "soft attributes and implicit requirements including 
human factors issues. " It may be argued that if these soft attributes could be represented 
systematically and their impact on design features shown more directly then they would stand 
a greater likelihood of influencing product development. 
Although this research is not concerned with socio-technical design, it is believed that any 
system, which is developed, has to take into account the working environment of those who 
might adopt it. The consideration of the design environment produced a number of higher- 
level system requirements e. g. easy to learn and use, deliver results in a timely and 
appropriate manner, reduce ambiguity and misunderstandings, support a design history. The 
final version of the ergonomics decision support system, DETECT, was perceived as meeting 
a number of these requirements e. g. it was easy to use and delivered results in the form of a 
prototype and functionality matrix quickly (contradicting the unsubstantiated claim by Porter 
and Porter, 2000, that the system imposed too great a time commitment on its users). 
9.2.1.2 Automotive Design 
The literature review was augmented by a case study of automotive design to determine 
attitudes to ergonomics (Section 3.4.3), the manner in which ergonomics was used in the 
design (Section 3.5) and the requirements of systems which might further support the 
integration of the two disciplines. - 
The case study also identified the influence of external factors on design (Sections 3.3 and 
3.4). This showed that wider legislative and consumer trends directly influence not only the 
design but also corporate policy. For example over the course of the research the automotive 
industry has been influenced by moves to increase quality, safety (e. g. side impact bars, air 
bags) and more recently to produce greener, more efficient vehicles. At the time of the 
research there was a favourable climate towards ergonomics, which was viewed as 
contributing to enhanced safety and quality. 
Automotive design was fragmented across different departments, disciplines and members of 
temporary teams. Marketeers held information relating to customer needs and requirements, 
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which could be passed to designers to embody in the concept design, with the engineers (at 
least in one company) considering the feasibility of the design for the end users (e. g. drivers 
and passengers). If ergonomics issues are not fully and unambiguously communicated 
between these different groups then they may be ignored. 
Information bottlenecks were common with potentially useful information not routinely 
communicated to designers and engineers (Section 3.4.3.3.1). The designers and engineers 
did not request information if it was not readily available. That information which was 
available was often not in a usable format (as it had been generated for other purposes). In 
one company, Brand Management was unable to articulate the customers needs to designers 
unless the designers generated a sketch or model to facilitate discussion. In the light of the 
analysis of DETECT and the recommendations for further work this is seen as being very 
important. 
Both the postal surveys and interviews confirmed that, for automotive design, ergonomics 
was believed to have important contributions to make in a number of areas (e. g. quality, 
safety, comfort). 60% of respondents felt that their current needs for ergonomics information 
were not being met and that, as a consequence, the design was suffering. For example, the 
ergonomics departments could not cope with all the requests of the design department, and 
reliance on local experts was believed to put too much dependence on one individual. Also 
the respondents felt disadvantaged with regard to their limited knowledge on certain aspects 
(such as the visual requirements of elderly drivers, touch and smell). 
From this it may be concluded that ergonomics has a future in automotive design. Different 
members of the design team are interested in different aspects of ergonomics and a lot of 
information and expertise regarding ergonomics exists within companies, which should be 
directed to ensuring that the car is ergonomically sound. 
However, as a "soft attribute" ergonomics did not have a formal place in the Product Design 
Specification but was represented by a wish list, which was the subject of negotiation. Such 
an informal approach may mean that the justification for a certain element in the design could 
be lost, as it was not documented, which in due course may lead to that item being omitted. 
The postal survey and interviews showed that individuals moved from project to project and 
might not necessarily be familiar with the demands of the next design task or possess an 
awareness of the critical user issues needing to be considered. In such cases a system that 
archives the rationale behind previous design decisions might be useful as a learning and 
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teaching aid, and a repository of information in relation to a specific design topic (e. g. seating 
design). 
Knowledge was acquired from a variety of sources, e. g. colleagues, experience (which 
confirms Pheasant, 1988). The use of ergonomics information, especially that found in formal 
publications (such as Applied Ergonomics and Human Factors) was sparse, not widely 
available, irrelevant, used infrequently and neither useful or enjoyable. This confirmed the 
results of the literature survey relating to the failure of ergonomics information to reach its 
target audience. It was not the norm for companies to routinely subscribe to ergonomics 
journals, which would mean that designers had to initiate their own searches for information. 
These results confirm the need for a more user centred approach to information design, which 
considers current working practice and problem formulation. 
This initial stage of the research showed that designers and engineers need to access 
information from diverse sources and harness this information to the current task. The current 
provision of ergonomics material, in the form of text based documents, fails to meet the 
requirements of many of its readers who are discouraged from using it. If ergonomics 
information is to be provided it should be easily accessible, and written in a manner which 
can be readily assimilated into the current task. The informal avenues of knowledge 
dissemination (e. g. between colleagues and from local experts) could be supported through a 
system that allows designers to structure and develop this information at a project level. 
Although it was the original intention to develop a computer based solution to enhance the 
integration of ergonomics in design, the interview study had revealed some scepticism 
towards the use of computers. Both the postal survey and the confirmatory study showed that 
80% of the respondents used a computer in their daily work. The Internet was not specifically 
mentioned as a source of ergonomics information, although participants in the confirmatory 
and ADECT studies mentioned it as a source of engineering information. 
A second investigation later in the research considered the way in which ergonomics was 
used by Research and Marketing Departments in an international organisation. This 
confirmed the earlier research firstly in relation to the front end of design, which was poorly 
specified, and secondly, in relation to ergonomics showing that the consideration of user 
issues fell across departmental boundaries, often to the detriment of the final design (Sections 
8.3 and 8.4). 
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In conclusion, this stage of the research fulfilled the first two aims of the research namely to 
understand the use of ergonomics in the design process and consider factors which might 
effect the use of ergonomics information by designers. It determined that ergonomics was and 
would continue to be valued in automotive design, showed that the current means of 
disseminating ergonomics information was unsatisfactory and established the potential for 
computers to be used as a means of disseminating ergonomics information through the 
company. 
9.2.1.3 Ergonomics in Design 
This part of the review considered at a more general level the reasons why ergonomics was 
not employed effectively in the design process and considered previous methods which had 
been developed to improve the integration of ergonomics in concept design (objectives 1,2 
and 3), before proposing and developing a means of supporting the use of ergonomics in the 
design process (aim 3). 
The recognised need to enhance the use of ergonomics and the benefits of its inclusion in the 
design life cycle have been well documented (e. g. increase usability, comfort, functionality, 
decrease customer complaints and returns). However, hand-in-hand with this has been a 
similarly well-documented account of the failure to bring the two disciplines closer together 
(see Section 2.5.3). 
The literature concerning the relationship of ergonomics and design spans 30 years and 
illustrates the multifacetedness of the problem, including the way in which the end-user is 
perceived, the perceived usefulness of the information, the language used by the different 
disciplines, the manner in which information is presented, the role of ergonomics in the 
design specification, and corporate structures which may divide user centred discussion 
across different departments. The surveys conducted as part of this research confirm these 
issues (summarised in Section 9.2.1.2 above). 
The most effective place for the integration of ergonomics is the front end of the design 
process, before commitment has been made to any one design (see Section 2.5). 
Incorporating ergonomics, or user centred information has to occur before the emergence of 
product concepts, so it can contribute to their generation and discussion. Of those strategies 
reviewed for increasing the use of ergonomics in design, user centred design becomes a 
284 
vehicle for identifying and considering human factors. The systems developed in this research 
were primarily oriented towards "design for the user" rather than "with, or by the user. "' 
The need for such a system arises because not all designers have access to an ergonomist 
(either one who is formally trained or a local expert) who can offer the level of support 
required. In designing for users, where user information is not readily available, designers 
may be forced to embark on the strategy and rationale maligned by Pheasant (1988) of 
designing to suit themselves, basing their designs on previous solutions, secure in the 
knowledge that users are almost infinitely adaptable and will be seduced by appearance and 
styling (Section 2.5.3.3). Whilst one should not undervalue the importance of knowledge and 
experience, in competitive and new markets reliance on these factors alone may not be 
sufficient to initiate, guarantee and maintain brand loyalty. 
9.2.2 Propose 
The third aim of the research was to develop a means of supporting the use of ergonomics in 
the design process. The first stage of the research identified two ways in which this might be 
achieved firstly by making any information which is available on potential users, their tasks, 
the environment in which they are going to be using the product etc., more accessible to 
designers. Part of this information is currently disseminated in the form of journals and 
guidelines; and secondly by providing a support system that allows the knowledge, 
experience and information to be focused on the current design problem. Taking this 
approach at the start of the design life cycle would not only integrate ergonomics more 
completely in the process and provide it with the necessary structure (as in Pugh's Total 
Design model), but would also allow areas where there is a deficit, ambiguity or disagreement 
over user needs and requirements to be identified early. 
In this section the rationale for the choice of these solutions is discussed in terms of the 
findings from the literature review, postal survey, interview and confirmatory studies. 
9.2.2.1 On-Line Guidelines and Internet Delivery 
Designers, engineers (and possibly other potential users) have great difficulty in finding, 
reading and applying information written primarily for academic audiences (as in journal and 
However, it may well be the case that the ergonomics decision support system could provide enough 
structure to support "design by the user" 
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textbooks). Some of this information may be reproduced as guidelines and standards, but the 
research suggested that even this information is still not user friendly. This means that 
information, which could be relevant to product development, is not informing design. 
The presentation of information in an electronic format, and delivered over the Internet was 
seen as a means of developing and delivering information to designers which by-passed many 
of the limitations of paper based versions (see Section 4.4.2). For example, computer based 
presentation could support multimedia, colour and hyperlinks, information is more easy to 
update, and users can adopt ownership of the material. The Internet was selected because it 
was cross platform and could be updated easily without users having to incur any extra costs. 
Additionally the sites could be linked to other Internet facilities such as emails, and bulletin 
boards and form part of a greater network of information. At the time of the development of 
the sites it was believed that Internet access was widespread and most people were familiar 
with Internet functionality. The Confirmatory Study showed the rationale behind the choice 
of the Internet was correct. 
However, merely replacing one form of information with another which is comprehensible 
and delivered to the desktop does not ensure that it will be read, or lead to it being integrated 
with existing knowledge and brought to bear on the problem in hand. For this reason a second 
(and the main) avenue of research explored the development of an ergonomics decision 
support system that would allow information from diverse sources to be integrated at a 
project level. 
9.2.2.2 The Ergonomics Decision Support System 
It was believed that the lack of integration of ergonomics in design could not just be solved 
by replacing one form of information with another, although a more user-friendly information 
design might encourage the use of the information (Section 7.5.5.3). However ergonomics 
information of this nature forms just a small amount of the information which designers need 
to consider when they are developing concept designs. Other information may be in the form 
of results from commissioned research, competitor analysis, marketing reports, advice from 
colleagues and experience. A decision support system which records this information in a 
structured manner, at a user level, would enable all items to be considered and could quickly 
identify the implications of different solutions 
An ergonomics decision support system would specifically address the more rigorous 
consideration of user issues in concept design, showing items where more information on 
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users is required, and providing a means of logging decisions for future reference e. g. by new 
members of the design team or for evaluation purposes. 
In terms of the overall design of the tool, the review showed that this should be computer 
(PC) based, and centred at a project level, which would allow all information relating to a 
particular aspect of design (or product) to be brought together and feed into the development 
of product requirements. Although the actual process of formally considering user issues 
prior to commencing concept design was seen as a major benefit, the final outcome of the 
system was specified as a functionality matrix, which could be used alongside engineering 
specifications. As a project based support system it was hoped that the system might be used 
as a central resource by a group of designers who might be working co-operatively on the 
same project (e. g. design of a luxury car). 
The literature review (Section 4.4) indicated systems previously developed to support a 
similar process. For example INTUIT takes a project based, integrative approach to the use of 
ergonomics and the HUFIT PAS Toolset supports a systematic approach to the consideration 
of user issues during concept design. The early stages of the HUFIT PAS Toolset formed the 
basis of the ergonomics decision support system. A computer based system had the added 
advantages of allowing links to be made to electronic sources of information and would allow 
an easily accessible design history to be established and updated. 
The aim of the ergonomics decision support system was to provide a low cost solution (in 
terms of time to learn and use) to aid the formal consideration of relevant user issues during 
concept design. This would provide design teams with a means of channelling experience, 
knowledge and information into a design project in time to formulate design concepts. 
9.2.3 Realise 
This section very briefly summarises the two solutions developed to enhance the use of 
ergonomics in concept design. These are described in Chapters 5,6 and 8. 
9.2.3.1 The On-Line Information Resource 
The development of an on-line information resource consisting of guidelines of ergonomics 
information, accessible to all members of a project team when first proposed was considered 
fairly novel. Events show that the belief in the Internet as the future information provider was 
well justified. It is now easy to create attractive sites. Many guidelines, journals and 
knowledge bases are presented on the web and the need to access latest trends and 
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information about different market segments speedily has made the Internet an important 
information-sourcing tool for designers (and others). 
Two sites, namely the Automotive Writers Manual and Driver Information Systems Web 
Sites were developed, as web based guidelines, rich in ergonomics information. The creation 
of the sites was relatively easy and demonstrated that it was possible to structure ergonomics 
guidelines for use in the Internet. These sites, along with the larger Internet environment were 
evaluated in the context of design projects to consider the attitudes of users to the sites and 
the usability of information delivered over the Internet (see Section 9.2.4.1). 
9.2.3.2 The Ergonomics Decision Support System 
The structure of the ergonomics decision support system bears some relationship to the 
HUFIT PAS Toolset, and consists of three recognisable stages relating to clarification of the 
design brief, the generation of user issues, the linking of these to product issues, and the 
generation of a functionality matrix. The system was designed to enhance user centred design 
by presenting designers with a systematic representation of the type of user issues they should 
consider (as a template), and enabling them to link these issues to the product features or 
functions they might influence. It additionally allowed notes to be attached to any part of the 
system, which could be used to provide examples, or give justifications of design decisions. 
Its design was based on the requirements established from the literature review, postal survey 
and interview study (see Table 6-1). The first system (ADECT) although specifically 
designed from the requirements of automotive designers, was iteratively developed into a 
more general-purpose system, which could support the identification of user requirements for 
any product or process. At the heart of the system is the ergonomics template, consisting of a 
series of questions regarding the nature of the product and a "start-up list" of user issues to 
help the designer consider the characteristics of the product users. Some of the projects 
developed during the course of the research are shown in Chapters 7 and 8, and the researcher 
must again admit her indebtedness to Richard Bartlett who undertook the programming of the 
system. 
9.2.4 Evaluate 
Figure 9-1 clearly indicates the number of evaluation studies conducted on both the Internet 
and the ergonomics decision support system (ADECT and DETECT). This section presents 
the main findings of these studies and discusses them in relation to the main aims and 
objectives of the research (namely to better understand and support ergonomics in design). 
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9.2.4.1 Evaluation of the Internet for Information Dissemination 
This section will discuss the major findings of the evaluation studies conducted on the on-line 
guidelines and the Internet as a whole in relation to the use of ergonomics and design. 
9.2.4.1.1 Automotive Manual Writers (AMW) Guidelines 
The technical authors who participated in the study of the AMW Guidelines were enthusiastic 
about the potential of the Internet. However, some did not have Internet access at work, were 
not trained in its use or familiar with Internet protocol. This had not been anticipated. A 
freeware browser was provided for the participants to allow them to take part in the study, 
which had limited functionality and was prone to crash (Section 5.5.2.3). Participants were 
unable to navigate through the pages or display the contents of the site in the manner 
intended. All the information-gathering tasks they conducted were therefore consistently rated 
more difficult using the electronic guidelines compared to the paper version. 
In terms of the overall aims of the research, the provision of on-line guidelines on the Internet 
did not result in a more usable system. Also, although the authors used computers everyday 
during their work, the results indicated that they preferred to work with paper and printed out 
material they thought to be useful. The pages had not been designed sufficiently with this 
requirement in mind. 
An assumption made in the selection of the Internet as a means of information dissemination 
was that designers could select how much information they needed to see. Evidence from this 
study suggested that the designers wanted to see all the information in order to gain a wider 
picture. 
Importantly, anecdotal information (Section 5.5.2.4) suggests additional benefits may be 
derived from using the Internet to disseminate information in terms of the iterative 
development of the guidelines. For example, if designers do not find the examples of good 
and bad practice provided in the guidelines appropriate they might tailor these either directly, 
or by emailing the site creator to adapt the site. In this way guidelines may be tailored to meet 
the requirements of their users and become a living document. Additionally, the site could be 
augmented by a bulletin board, which would allow technical writers to share best and worst 
practices and develop new working methods. This line of research was not followed up in this 
research but is seen as a promising area for future research in the use of guidelines and one 
which could actually lead to a greater and more thoughtful consideration of ergonomics in the 
application of design guidelines. 
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9.4.2.1.2 DIS Web Site 
The DIS web site was created in the following year and contained many of the 
recommendations that had arisen out of the previous study. The site itself was easier to 
construct owing to the many applications that had developed to support web authoring. At 
this stage the Internet also supported a wider range of web designs, colours and graphic files. 
The site was formally evaluated using Wammisco by students who had used it to inform the 
design of a Driver Information System. This evaluation showed that the site was usable, and 
helpful within the context of the design project with some usability problems arising because 
of the incompatibility of different browsers. 
In the focus groups and student reports, the participants commented favourably on the 
information contained in the site as it was all in one place. One of the respondents relied 
solely on this information source for the final project. However, because the participants took 
copies of the site away, they did not use the DIS site in conjunction with the ergonomics 
decision support system. 
Once participants had gained an overview of the material contained on the site through a 
rather cursory inspection of the top-level menu, they printed most of the contents of the web 
site (as in the previous study, Section 9.4.2.1.1), and worked with the paper based material, as 
they found it easier to use (Section 5.6.2.4). This may indicate that the Internet is valued as an 
information source because it is, on the surface, more convenient than a library. The 
following section is used to qualify this statement with regard to the Internet as a whole. 
9.4.2.1.3 The Internet 
The Confirmatory, AMW and DIS evaluations (Sections 5.7,5.5 and 7.5.1.1 respectively) 
confirmed the initial enthusiasm users had for the Internet. Unfortunately, this enthusiasm 
was short lived. In the DIS evaluation, the Internet was rated poorly in the student reports and 
focus groups, and the results from the Internet questionnaire showed less favourable attitudes 
towards the Internet after the experiment. Reasons for this included the superficiality of much 
of the information, the preponderance of advertising material, slow down load times and 
missing links, difficulty in locating high quality sources of information and the failure of the 
students to remain focused on their work (see Section 7.5.2.5.4). An inspection of the videos 
of participants using the Internet did not reveal in depth, task related conversation either about 
product or the user issues. Internet searching was very much a solo activity. The person 
sitting in front of the screen controlled the direction of the search, and rarely asked advice of 
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the other participant or timed movement through the pages to take into account the needs of 
the other. 
Although the participants felt that the Internet could not be ignored as a source of design 
information, the extent to which this really helped them in their designs is questionable. 
9.4.2.1.4 Confirmatory Study 
The study reaffirmed that the Internet and other computer applications were widely used by 
designers, and that they would prefer information which was presented to them over the 
Internet because of the ease of access and updating of contents and because it was already 
used to provide engineering data (Section 5.7.4). It was also noted that merely providing 
information on the Internet would not guarantee its use. This is extremely pertinent to the 
research and indicates the need for a system to integrate different sources of information in 
the context of a design project. These findings are grounded in the manner in which the 
respondents work and their preferred means of working. 
The results of this, and the other studies showing an eagerness for Internet based information 
might be explained by the fact that information is being tailored to meet the specific needs of 
the users and particular tasks; the potential users do not have to source the material for 
themselves. The Internet becomes a personal information resource, which can be accessed 
from the relative luxury of the desktop. This would seem to accord with the requirement of 
designers and engineers for wanting specific answers to specific questions. This places a 
greater onus on the information provider (or an intermediary) to design information tailored 
specifically to meet user and project requirements, and perhaps became a resource manager 
or Intranet `librarian'. 
9.2.4.2 Evaluation of the Ergonomics Decision Support System 
The majority of the thesis concerned the development and evaluation of the ergonomics 
decision support system (Chapters 6,7 and 8). Two prototype systems were developed, 
ADECT and DETECT. ADECT v2.0 was evaluated in its capacity to support the design of a 
driver information system, where it was used in conjunction with web based material 
(Chapter 7). The second system was developed for a commercial organisation and had a 
higher, slightly different specification, which required the input of `hard' product data. 
DETECT v1.0 was subjected to usability assessment and appraisal in the context of a design 
project (Chapter 8). The ensuing system, DETECT v2.0, which embodied some of the 
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recommendations could not be evaluated within the time frame of this research. The 
remainder of the section considers the main issues raised by the evaluation studies. 
9.2.4.2.1 Confirmatory Study 
This again validated the results of the interview study and postal survey concerning the way 
in which ergonomics is used in design (Section 6.9.1.4.1). The respondents liked ADECT and 
considered that it would be of value, appeared easy to use, and might be useful for supporting 
other parts of the design process (Section 6.9.1.4.2). They also suggested that it could be used 
as a learning tool when completed by a domain expert and passed to the project team. If it 
were to reach its full potential, it would require the commitment of the whole project team on 
a regular basis. 
The view that designers require answers to specific problems was again expressed. ADECT 
was seen as highlighting deficiencies in knowledge but not providing answers to them 
(Section 6.9.1.5). This is seen as an area for future development. A supplementary module 
indicating which tools might be best employed to discover the answers to different types of 
questions could extend the system. For example, by directing the designer to the most 
appropriate textbooks, data repositories or techniques to capture user information. 
9.2.4.2.2 ADECT 
Usability Issues 
The SUMI results indicated the software was below that of commercial software. The focus 
groups and video analysis showed it to be robust, comprehensible and useful in terms of 
design support but major usability issues related to the lack of an undo facility, cut and paste 
(the rationale for not having this is explained in Section 9.4.2.6) and tree editing problems. 
These issues also accounted for the majority of the problems in the breakdown analysis. 
These results were fed into the next stage of the development, which showed an overall 
improvement on all SUMI sub scores. 
The video and breakdown analyses provided more insight into overall usability problems than 
the SUMI questionnaire. For example, some of the participants had difficulty with the 
terminology used in ADECT (such as external pacing) and in applying ergonomics concepts 
to the current task. As the participants were final year ergonomics students they should have 
been familiar with these. Explanations were provided in the accompanying note fields, but 
these were overlooked by most of the groups (Section 7.5.3.1.5). If the terms used were not 
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comprehensible to ergonomists then it is likely that they would not be so for designers either. 
This required readjustment of the template. 
The system had been designed to minimise the amount of typing required. The breakdown 
analysis indicated that time was spent readjusting previously entered text, or discussing the 
exact phrase prior to typing it in. This was not anticipated as it was hoped that the system 
could be used informally as a means of capturing the essence of discussions. This may inhibit 
the flow of ideas. 
Other usability issues included the lack of process support, participants were not clear when 
one stage was finished or how much work remained to be done. The template trees contained 
redundant information, which made the overall structure difficult to see. The participants 
found it difficult to consider user issues without having first established a set of system 
requirements. Lastly, the matrix was not felt to link easily in to deliverable design 
requirements. The last two issues might have arisen because the participants had limited 
knowledge of design. 
As a Design Support System 
Comments relating to the use of the Internet had indicated that the person controlling the 
computer also controlled the session. In ADECT this was not found to be the case. The 
system generated much user and product related discussion, which took place prior to text 
entry (Section 7.5.2.5.2). Also ADECT generated more user than product related discussion 
(Section 7.7.5). 
The focus groups showed that the participants considered ADECT could be used a means of 
promoting ergonomics in a design team, for example by giving the system to an ergonomist 
to aid the designer. When the designer reaches an area s/he cannot understand, this would 
provide a starting point for discussion with the ergonomist about how to find out information. 
This was seen as a valuable way of enhancing the use of ergonomics in industry. In terms of 
providing a focus for information gathering in design projects, it was suggested that ADECT 
should be developed for laptop machines, as information could be entered directly into the 
project as it was acquired (for example during observations) (Section 7.5.3.1.1). 
As an Ergonomics Decision Support System 
All participants found value in certain aspects of the system. For example the opening 
Product Strategy Form required the participants to consider the product they were designing, 
a stage which they normally overlooked (Section 7.5.3.1.2. ). The presentation of the user and 
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product requirements as "trees" was easy to understand, useful and likeable (Section 
7.5.3.1.3). The tree enabled participants to be systematic in their consideration of user issues, 
and allowed them to proceed with a degree of confidence in that they had considered all 
issues (Section 7.5.2.5). The user and product trees guided discussion and indicated those 
areas where there was insufficient information. This usually led to the participants performing 
data gathering activities (such as a task analysis, interview study, or observations). 
Although the participants liked and were comfortable with the representation of issues as tree 
structures, the more systematic and reductionist the specification of user and design issues 
became, the larger the trees became. Collapsing and expanding relevant branches allowed 
attention to be focused on the issue in hand, also the interface to the matrix allowed users to 
specify subsets of the user and product tree they wished to work on. However, this did not 
solve the underlying problem which was that if all user issues, for all stakeholders are to be 
considered and linked to product requirements, a very extensive tree structure will be formed 
(Section 7.5.3.1.8). This was classified as a task-tool breakdown because the tool does not 
provide a helpful representation of the task, and may discourage rather than encourage 
designers to take a fully user centred design. This issue only became manifest in the 
breakdown analysis and has important implications for the usability of ADECT in fostering 
user centred design (Section 7.7.3). 
In conclusion, ADECT led to a more structured consideration of user issues in the early 
stages of design. Participants reflected on the nature of the product they were designing, the 
characteristics of the user population, and were confident that their designs had been 
informed by a consideration of the issues raised by the system. Importantly, because the user 
issues drove the design process, and were documented, ADECT was seen as preventing team 
conflicts in discussions about product requirements during concept design. 
9.2.4.2.3 DETECT 
Usability 
As has been previously mentioned DETECT v1.0 was rated more favourably on all SUMI 
subscales than ADECT and was `ahead of the state of the art' (Section 8.6.5). This may be 
indicative of the improvements made during the course of iterative development 
As a Design Support System 
The main evaluation of DETECT occurred within the context of a design task using 
ergonomists and designers. Whilst both found the system supportive of design activity, for 
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the ergonomists the output was the functionality matrix and prototype solution, for the 
designers it was a concept sketch. This is interpreted as a need to develop an ergonomics 
decision support system, which incorporates production activities (i. e. drawing and sketching) 
during concept design (Section 8.6.3.4.2). 
As an Ergonomics Decision Support System 
In the interviews (Section 5.6.3.4.5) all participants thought the system supported concept 
design, helped structure ideas, provided a good means of showing project related information, 
communicating ideas to others and reducing design drift. More specifically; firstly, trees 
could be used to show and discuss with clients which user issues had been considered and 
how they effected the product design; secondly, because items were unambiguously 
represented in the trees this would reduce the amount of misunderstandings among design 
teams and when the project was revisited; thirdly, the matrix was felt to help rapid 
prototyping (all participants could read the final solutions from the matrix, even if they were 
not able to represent it as a concept drawing); fourthly, the whole system was considered to 
be much more flexible than pen and paper and fifthly, the ergonomists in particular, felt that 
they were designing from the user out, and that the system helped to bridge the gap between 
ergonomics and design. 
Both the ergonomists and the designers worked on the design task in a highly organised 
manner, starting with the Product Strategy Form. All participants spent longer considering the 
consumer issues than the product issues. Both these results accord with the manner in which 
the design groups worked on ADECT. The designers spent longer considering the consumer 
than the product issues (Figure 8-12), and in considering the initial specification than the 
ergonomists. The video analysis and interviews with participants clearly showed that user 
centred design was systematised (if not enhanced) through the use of DETECT, and that this 
had been achieved in a way which was `fun to use. 
The ergonomists in particular liked the matrix format, being able to change the cell values 
and see how these affected the overall design. This would not have been achievable using pen 
and paper, and was seen as a clear benefit. The output of DETECT as a functionality matrix, 
might be more compatible with the way in which ergonomists formulate and represent 
problems, than with the visual literacy of designers. If this is the case, then this may be a 
further obstacle to the integration of ergonomics in concept design. 
Attitudes towards the role of the template in aiding design were ambivalent. All participants 
thought they could have generated one for themselves and found the one provided useful, 
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However, more than one participant commented that having the template made them lazy, the 
information was there and they did not have to think for themselves. This may detract from 
innovative design (Section 8.6.3.4.5). Although participants were able to generate sub 
matrices, they preferred to work on the full one to gain an overview of what they were doing. 
The participants expressed some concern as to whether the system would be used by more 
experienced designers who are more accustomed to going `straight to drawing'. Also the end 
product of the process was a matrix, not a sketch, which is the usual output of concept design. 
Also, most felt that the system should be linked to some form of graphical package to import 
graphics off the Internet of competitors products, or more importantly, to produce the final 
designs. 
The final version of the system, DETECT v2.0, moved the ergonomics decision support 
system further towards a general design support system providing facilities for importing and 
exporting data to spreadsheets, archiving and the automatic generation of summary reports. 
9.2.5 Conclusions in Terms of the Research Aims 
The first aim of the research was to show the way in which ergonomics was used in the 
design process. The literature review indicated that to be of most value ergonomics should be 
employed in the concept stage of design, where it could inform the design of the artefact, not 
just during evaluation. It also showed the ways ergonomics was being increasingly used by 
designers who realised it might contribute to the design of the final product. Designers were 
developing their own methods and tools to help them capture user requirements in a way that 
would directly influence the design. The review also indicated that written ergonomics 
material (in the form of textbooks and journals) only formed a small part of the wider 
information brought to bear on concept design. 
The second aim was to identify factors that affected the use of ergonomics by designers. The 
review indicated that this was multifaceted with ergonomics just one of a number of issues 
which had to be considered in the search for a satisfactory design. Different sources of 
information, knowledge and experience were brought to bear in the development of concept 
designs, and some of these and the rationale behind decisions were not clearly represented. 
This, although perhaps not a new finding was certainly an important one, as it highlighted the 
need for an integrative tool which could organise information from different sources around 
user issues at a project level. 
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Clearly `formal ergonomics' information which might have informed design was not, for the 
most part, considered as either useful or usable by designers, for example, because it did not 
lead to design recommendations or was not written in a `user-friendly' manner. This 
highlighted the need for a second stream of research to consider more appropriate ways of 
presenting and delivering this information to its end users. 
The third aim of the research was to develop a means of supporting ergonomics in concept 
design. The two solutions proposed were subjected to a series of evaluations. These 
evaluations showed that Internet had the potential to be used as a means of disseminating 
ergonomics information, but was not as effective as had been hoped. The ergonomics 
decision support system did indeed support a structured, user centred approach to concept 
design. 
9.3 Overall Discussion 
The main aim of the research was to understand why ergonomics was not used effectively in 
concept design and out of this understanding, develop computer based approaches to 
increasing its usage. It was believed that the development and investigation of support 
systems in a design context would further the understanding of the relationship of ergonomics 
to design. 
The research did meet these aims. The potential for the use of the Internet was explored; an 
ergonomics decisions support system was developed which would advance the use of 
ergonomics by individual and small design teams during concept design; the development of, 
and study of the software indicated areas where further investigation and development was 
required. 
The remainder of this chapter discusses the results in terms of the larger aims and objectives 
of the research; highlights results which were unexpected, and indicates directions for future 
work. 
9.3.1 Relationship Between Ergonomics and Design 
The underlying hypothesis behind the research was that designers did not use ergonomics 
effectively in their design practice, and that this failure resulted in products of decreased 
usability and usefulness. The literature survey firstly determined that this was well 
documented, and that ergonomists and, to a certain extent, designers acknowledged this to be 
true. 
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However, the climate is changing. During the course of the research there has been a marked 
increase in the use of ergonomics by the manufacturers of consumer and computer products 
possibly brought about by increased-competition and more discerning customers. The 
methods used (such as focus groups, ethnographic analysis, storyboards) may trace their 
ancestry to those developed by ergonomists and others interested in reducing the distance 
between users/consumers/clients and developers. However, `ergonomics' is still not the 
preferred term for these studies, which may pass as `usability testing' and `codesigning'. 
There is less fear in the adoption and manipulation of ergonomic tools and social science 
methods to serve the needs of the designers. 
This climate looks to be a very healthy one. Informal discussions with designers and students 
during the course of the research have, however, shown that some hurdles remain in 
achieving ergonomics excellence throughout the profession. Student designers are not 
accustomed or willing to consider product users at the start of the design process or design to 
meet user needs. This means that as educators we are failing to deliver well-rounded 
applicants to industry, who will be forced to embark on a steep learning curve when they 
enter industry. Having lectured student designers, the process of user investigation 
undoubtedly fails to capture their imagination. This disinterest may be just a sign of 
immaturity (for example, students might be afraid to `interview' potential users); designing to 
meet a set of established requirements might appear uninteresting, it curtails imagination, and 
it may also be difficult to generate aesthetically pleasing and innovative solutions to meet the 
requirements of real users; a real `artefact' does not emerge out of student work; degree 
shows and future employers may still put the onus on creativity and innovation in the 
generation of concept sketches and models. For whatever reason, at undergraduate level the 
gap between the two disciplines still exists. 
The postal survey and interviews with designers indicated that design teams consider 
ergonomics when trying to achieve the best possible design for the identified market, 
although this may be limited in scope (for example, an automotive manufacturer uses a 
women's panel comprising company employees). Reductions in the amount of time available 
for research and development (in all industries), and the need to reduce costs (resulting in less 
time for trial and error) effectively limit the scope of investigations which any one designer or 
design team can undertake during product development. The change in climate, identified 
above, might be being produced by companies who are moving towards a more customer 
driven philosophy (see for example, Chapter 8) in an effort to increase customer satisfaction, 
298 
increase market share and retain customer loyalty. If such companies emerge as market 
leaders then other companies will follow. 
In cases where no such customer centred philosophy has been adopted, or is supported, 
individual designers consider user requirements as another factor in the design equation 
(along with ease of assembly, manufacturing, aesthetics etc. ). In these cases they 
acknowledge that they cannot spare the time to conduct their own investigations, perform 
literature reviews or interpret published results in the light of their own requirements. The 
strategy adopted is that reported by Pheasant (1988), where they design for themselves or in 
accordance with their own beliefs and experience or use local experts within the company. 
The postal study showed that for this group of designers, the approach adopted to information 
dissemination by research ergonomists is failing. Designers are certainly one of the target 
audiences for ergonomics literature but they find journal articles and books difficult to read, 
the data hard to interpret, and the results inapplicable to their practice. Designers and 
engineers are solution oriented. They would like to be given answers to specific questions 
they are faced with during the course of a particular design. 
The research did not focus on providing designers with answers to such specific questions. 
Rather attention focused on providing information that was already available in the public 
domain in a more usable form and considering the manner in which the different types of user 
oriented information, knowledge and experience amassed by designers might be integrated 
into an ergonomics decision support system which could inform concept design. 
9.3.2 Problem Conceptualisation 
The proposed solutions to increasing the use of ergonomics were computer based, and 
centred exclusively on improving the uptake of ergonomics by individual designers and small 
design teams (i. e. not looking at global change mechanisms either within organisations or 
education). At one stage, a paper based ergonomics decision support system was proposed 
which might have led to the development of a process capable of removing communication 
bottlenecks and changing corporate strategy. This system was abandoned as the overheads of 
generating and completing the forms, and transferring data between them were considered too 
large for a designer to undertake. Also the requirements of the industry and for the designers 
were for computer-based systems, which would be easy to update and produce results 
quickly. 
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System design and development proceeded from the assumption that ergonomics could be 
factored out of the design process, i. e. that it could be dealt with separately from other factors, 
which may have a bearing on the final design (such as time, overall cost, reuse of 
components). Certainly the system that was developed enabled this to happen and helped to 
externalise the user issues, which shape product requirements. Unfortunately it was not 
possible to study the effectiveness of this in the context of a real design project, or to see what 
happened to high priority issues when conflict with other (non ergonomics) requirements 
occurred, although the system would highlight the consequences of changes to the design 
brief (e. g. if the design failed to meet the requirements of a particular user group). 
Initial user requirements had emerged for a system which was not heavily text dependent, and 
which would produce as its outcome a functionality matrix. The ergonomics decision support 
system did not require a lot of typing, favouring a bullet point system which encapsulated key 
issues. However, in their use of the system, participants became distracted by the need to 
write lucidly, and spell correctly, which interrupted their flow of thoughts. More importantly 
they were required to think in words not drawings, and perform a systematic one-to-one 
consideration of user issues and product requirements. Ergonomists are used to working in 
this way but designers express themselves through drawings and their output is a visual 
representation in the form of a concept drawing not a requirements matrix. This was most 
apparent in the DETECT study (Section 8.6.3.4) where designers accompanied their work 
with design drawings. For one of the designers working on the system had been an 
interesting, but essentially cosmetic exercise, which did not produce any changes to the 
original concept. 
The ergonomics decision support system did promote more consideration of user issues, and 
these appeared to drive the design process. Further research using the system might establish 
whether user issues can actually drive the design process (i. e. shape the development of a new 
artefact), or whether their role is merely to refine a design which has already emerged out of 
innovative and creative thinking, or other types of requirement. 
9.3.3 Development of Generic Tools 
The support tools have been considered separately throughout the thesis (as shown in Figure 
9-1), although the original intention was to combine the two into one system (this was 
possible through cutting and pasting url's into the ergonomics decision support system). 
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The Internet sites became easier to develop over the course of the research, with the 
development of better authoring environments. The review in Chapter 5 indicates the manner 
in which the provision of on-line information has been overtaken by technological 
developments. The major hurdles, which now have to be overcome, relate to copyright 
agreements (and freedom of information) and the differences between browsers, which can 
effectively limit the manner in which information is displayed, and restrict true multimedia 
Internet sites being available to some users. 
The software development for the ergonomics decision support system required: 
" an understanding of the information flow through the activity, 
" automatic re-presentation of that information in the requirements matrix; 
" allowing users freedom to move through the system in any order, and the selection of 
different categories of information; 
" interface design and development; 
" selection of appropriate language for the end users. 
The development of the paper based system helped in understanding the information flow 
through the system (Section 6.7.1). The system went through many stages of iterative 
development leading to one which was rated as simple and easy to use and could 
accommodate different product designs. 
The tree structure at the heart of the system was considered adequate and complete enough to 
enable a user centred approach to be adopted for any product. However, in terms of the 
development of a generic design support system, the product requirements/design side has to 
be generated afresh for each product. This cannot be avoided, as obviously a tree that is 
developed for automotive design would be inappropriate for a small hand held product. 
In the training sessions, exemplars from many different product domains were provided to 
show users how to design a product tree. For the inexperienced designer the development of a 
product tree might prove difficult, especially if such a designer is a visual thinker. 
It may be possible, to abstract a set of general attributes which most products possess (e. g. 
aesthetics, person-product interface) or which could be mapped on to assemblies and sub 
systems or concurrent engineering (such as design for assembly, ease of manufacture, ease of 
use). Designers could then populate the headers (or branches) with specific product 
information. 
A second alternative, moving away from the text based representation, might be to use a 
sketch based interface for the generation of a product tree, the annotations of which could 
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form the branches of the product design tree. This would be a more appropriate and natural 
solution for designers, and may help to embed ergonomics further into designerly thinking. 
This is discussed in more detail in Section 9.6. 
9.3.4 The Potential of the Internet to Support the Delivery of Ergonomics 
Information 
The postal survey and the interviews indicated that designers preferred information which 
was less wordy, did not present data in tables, where visuals were used effectively (i. e. not 
gratuitously) and which stressed the recommendations and applicability of the results. The 
need for information to be searched for from the desktop, and delivered in a timely fashion 
could only be met through computer-based resources. An additional requirement was the 
ability to easily update information, which made the Internet a more appropriate solution than 
CD-ROM. 
The ability of the Internet to deliver increasingly sophisticated presentations increased 
throughout the project. Whereas the first AMW site was restricted in font, colour and image 
format, it is now possible to insert graphics in most formats, provide animated gifs, sound 
bites and video clips. The decision to consider the Internet as the information delivery mode 
of the future was therefore justified. 
However, its potential for information delivery was severely limited by the service providers, 
the fragmentation of the user population across different browsers and search engines, the 
sheer amount of poor quality, poorly designed, un-maintained web sites, and the lack of 
discipline displayed by users in sourcing information. 
The evaluation of the use of web based material (Sections 7.5.2 and 7.5.3) showed that the 
participants wasted their time on fruitless, inappropriate searches, waiting for pages with 
superfluous images and animated gifs to load, only to find the information on the page was 
superficial and irrelevant. The industry itself is addressing inter-operability and 
standardisation issues, which need not be repeated here. However the findings from the 
investigation suggest that: 
0 students should receive guidance in the use of the Internet as an educational resource; 
0 the Internet should be partitioned to enable users to discriminate educational from 
promotional and commercial sites; 
0 all sites should be designed to be printed out onto paper, as this is still the preferred 
format for reading and using information. 
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Despite the poor performance of the Internet in this research, it is believed that this will be the 
main method of information delivery outside of academia. For designers, and the users of 
rapidly changing information, it provides an ideal means of developing a knowledge base that 
may include information from diverse sources and diverse locations. The main problem 
which future users of such resources will have to overcome is how to manage this 
information, make it work in the context of their everyday work, and to cope with the 
transitory nature of such knowledge. 
9.3.5 The Potential of an Ergonomics Decision Support Tool for 
Designers 
Whereas the Internet had not, at least in these investigations lived up to expectations, the 
provision of an ergonomics decision support system was a qualified success with most of the 
users. 
The product instigation form at the beginning was seen as useful in enabling structured 
brainstorming to identify the main users of the product and its features. The questions 
provided were simple (and in DETECT tailorable to a specific product environment). It was 
seen as providing a space in which to gather thoughts about the product before launching into 
the main design cycle. Few usability issues emerged from this, with breakdown analysis 
showing that most of the issues related to user - user and user-task problems, when designers 
strived to understand the design task (Section 7.5.3.1.8). 
The tree pages provided a structure for user issues that was visible and immediately apparent. 
The ability to expand and collapse the tree allowed attention to be focused on just one aspect 
of the problem at a time. Although, for the ergonomists, this should not have been new 
information, having all issues displayed on the screen made sure that they were considered 
thoroughly in discussions and could be linked directly to the product characteristics they were 
likely to influence. 
In developing the system, it was not imagined that a long period of time would be available 
for user centred design, and that those using the system would be able to use it as and when 
appropriate to their design activities. It was hoped that where designers had shortfalls in their 
knowledge about potential product users they would be sufficiently motivated to follow these 
through (either by their own investigations or through talking to others within the company). 
This proved to be the case in the ADECT experiment (Chapter 7), where participants 
conducted their own investigations to ascertain more about the target population. Users in 
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both studies felt the tree structure (and notes) to be valuable to them in supporting the design 
process. 
The ability of the software to support disjointed activity, where a project may be worked on 
sporadically by different members of the design team, was not directly tested. The participants 
using ADECT seemed to be able to quickly resume their sessions, although they did not use the 
notes fields as had been intended (it was believed that these would be used to comment on 
design decisions, such as the relative importance of one item over another). In the DETECT 
study, an extensive template, with notes had been provided for the participants to take over and 
edit as their own design project. They were able to do this and understand the information that 
was presented in this manner. This would suggest that the ergonomics decision support system 
could be used to support asynchronous design activity, and that when notes are provided, it 
may additionally support the work of more than one design team member. 
Not all of the users worked on the functionality matrix. The matrices of the two systems were 
very different. The ADECT matrix only showed compatibility levels. For example, in the 
design of a poster, a user requirement may be for print that is readable from a distance. This 
might be fulfilled by a large font size (design issue). A second requirement might be that a lot 
of text information has to be presented which can only be achieved through a medium font size. 
Figure 9-2a shows the way in which this relationship is represented in the ADECT matrix. 
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Figure 9-2: ADECT v2.0 compared to DETECT v1.0 Functionality Matrix 
Working with ADECT, if the font sized needed to be stipulated it could only be entered directly 
as a design issue, and would then appear as a column header in the matrix. In DETECT, 
Figure 9-2b, a value, from a predetermined list, can be entered into the cell directly. This 
reduces the amount of redundancy in the matrix, but may produce confusion 
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with different columns displaying different types of values. In the case of Figure 9-2b, the 
cell might have taken a range from 24 - 36 pt font. The compatibility of this to the overall 
requirements could then be displayed as a separate process. This difference effects not only 
the tree structure, but also the level at which the decision support system operates within the 
design process. ADECT was used primarily to represent design concepts whereas DETECT 
could represent design parameters. 
The difference between the systems became manifest in the evaluation of DETECT when 
users tried to find the best design solution rather than considering the implications of their 
actions in terms of the user requirements. Apart from the gratification of immediate feedback 
in achieving an optimum solution, the system allowed users to quickly see the implications of 
design solutions in terms of the user population in a way which had not been achieved before. 
The ergonomics decision support system was considered usable, encouraged user centred 
design, prompted more thought about user issues, enabled a direct linkage between elements 
and was fun to use. In terms of the wider design process, users thought the system would 
remove communication bottlenecks by explicitly showing the origin of an idea through the 
branch structure (the additional context added clarity). It was also believed communication 
between designer and client could be enhanced by using the tree structure to indicate which 
user issues had been considered and directly showing the way in which these had impacted on 
the concept design. The system enabled the participants to do something they had not been 
able to achieve easily using pen and paper, which was seen as both useful and interesting. 
9.3.6 Software Development as a Vehicle for the Exploration of the 
Research Question 
The software development provided a focus for the investigation and the system specification 
provided insights into the complexity of user centred design. Neither the tree structure, nor 
the functionality matrix are perhaps the best possible representations of the relationship 
between user and product issues. They are adequate, quick to generate, display some of the 
required relationships and as such are better than paper. 
It was only through designing the system, that the level of complexity required was 
appreciated. Typical problems which needed to be addressed included the need to provide a 
structure that would allow all potential product users to be considered to the same level of 
depth and the specification of different user categories for inclusion in the matrix (e. g. in 
terms of priority or another, user defined attribute). 
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A second issue which emerged from the use of the system, was the paucity of language for 
explaining product features (for example the term "length" could refer to overall product, the 
handle, neck, or filament length). When the product was represented as a tree structure, 
sufficient context was provided for any term `length' to be identified unambiguously, when 
this representation was transformed into a2 dimensional matrix, the context was lost - and 
identical column headers were common. ' Such ambiguity may not arise with other forms of 
representation. The storage of contextual information, and the need for a more sophisticated, 
non-onerous representation of the relationship of user-product relationships could be the 
subject of future research. The systems developed were usable and sufficient for small 
product development, but may not be so for larger development. Unfortunately more 
sophisticated systems will put an added burden on the user in terms of comprehension, 
learning and knowledge maintenance. 
The iterative development cycle of user testing and refinement helped to identify instances 
where the interface was unusable and those areas where there had been `muddled thinking'. 
For example in DETECT v1.0 values had to be entered during the construction of the tree and 
again on the matrix; the cut and paste function had been excluded because it was believed to 
be incompatible with user centred design, in which each user group should be considered 
afresh. Participants felt that, especially with the larger branches there was a need for such a 
facility. It also showed those areas where the functionality of the system could be improved, 
for example by including a supplementary module to show where or how information on 
users could be found and the need for automatic document generation. 
The evaluation of the software increased the understanding of the nature of ergonomics in 
design. At a surface level, the system had to be populated by a series of questions and key 
issues which designers should consider when undertaking a user centred design. The 
interviews revealed that designers were not used to articulating and specifying user issues so 
early in the process in such an overt manner. 
The representational tree structure was far removed from that used in HUPIT PAS Toolset, 
although the same philosophy applied - that a user issue (or requirement) shaped a product 
requirement. In the template trees, the relationship of user issues was clearly depicted prior to 
the crucial node affecting a product feature. For example finger length might influence the 
Z This was overcome in both systems by showing the ancestry of each row and column header in a 
separate field. This is not perhaps, an optimum solution. 
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width of the toothbrush handle. This is represented as "user intrinsic/anthropometry/ 
hand/finger/length". Without the imposition of such a structure the tree may become muddled 
and cease to be of assistance in systematising the approach to user issues. 
To arrive at such a structure not only requires the user of the system to know in advance the 
structure which they wish to impose on their knowledge and information, but that they will 
take the time to achieve this level of representation. This level of specificity is not one which 
designers are used to, may not be necessarily needed and may stifle creative thought by not 
allowing the free-flow of ideas. However information represented in this manner was 
unambiguous and comprehensible. No studies were undertaken to determine the similarity of 
the trees between designers. For example, would designers given the same brief consider the 
same users and conceptualise the product in the same way. Future research using the 
ergonomics decision support tool might consider differences in the way in which designers 
conceptualise user issues and see them effecting product features. 
In developing the system, care was taken to not inhibit designers by requiring that they work 
in a prescribed manner, for example, by working on all the user issues before moving to the 
product issues. Likewise a matrix could be developed at any time. The ADECT experiments 
revealed that more support was required in terms of expectations of using the system, and for 
the design process. This was not found in the second series of experiments with DETECT 
which were conducted with more mature students and designers. However, the second 
experiment revealed an additional need to ensure that all the product instigation form had 
been completed before the user moved on to the rest of the system? 
The study of users working with the system also showed the manner in which user centred 
design was considered during the design process, and the (in some cases limited) amount of 
time spent discussing user issues. Further research using the ergonomics decision support 
system could reveal more about the manner in which user requirements shape the design 
process and the conceptual model designers (and design teams) have of the product user. 
The greatest benefit derived from the software development was the evaluation studies, which 
showed the extent to which the systems supported the design activity, and user centred 
design. For the Internet, the evaluation showed that the information found in the wider 
Such a restriction had actually been in place in an earlier version of the system, but was considered 
clumsy and a non essential requirement. 
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searches did not contribute, at least in a quantifiable way to the generation of final solutions 
or discussions. This may have been an artefact of the experimental method. 
Figure 2.2 emphasised the fact that the research balanced on the ergonomist's 
conceptualisation of the problem and the extent to which this interpretation might be similar 
to that of designers. The ergonomics decision support system clearly enhanced a systematic 
approach to user centred design by small design teams, but equally clearly, was a text-based 
system. It met many of the wider requirements of a system to support design activity. 
However, the fact that 'designers do not like text based systems' was interpreted literally 
leading to a system that encapsulated design discussion and decisions as bullet points. This 
interpretation failed to acknowledge that the deeper requirement was for a system that would 
integrate a consideration of ergonomics issues in a design process essentially visual in nature. 
The participants in the ADECT study, and half the participants in the DETECT study were 
ergonomists, and as such were familiar with the underlying concepts and the need to formally 
consider each user requirement and the effects these might have on the design of product 
features. The ergonomists who took part in the DETECT study were happy with the 
representation of the requirements as a functionality matrix. The designers, on the other hand, 
set about transforming the information acquired from the templates into design sketches. It is 
believed that the need of designers to embody ergonomics issues in sketches has been 
overlooked, and that this need emerged out of the analysis of the use of the software. 
9.3.7 Contributions of Investigative Techniques 
The research proceeded mainly through the use of qualitative data gathering techniques (see 
Figure 9-1) augmented by the use of quantitative measurement instruments for establishing 
software usability. 
The triangulation of the results indicated that in terms of the Internet: 
9 the pre and post questionnaires, focus groups and AMW study showed that the users, like 
this researcher, were optimistic about its usefulness, but were disenchanted by the 
performance and paucity of much of the information and the inability to download 
information on different browsers. 
" The DIS site was developed fairly easily and quickly from existing information, which 
shows that a dedicated information officer, with basic HTML skills could produce a 
useful, usable web site for a project group. The Wammisco results showed that the site 
was adequate but did not transfer well to other browsers. The focus groups and diary 
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studies revealed that, for some of the students, this had been the principal information 
source for their project. 
SUMI was used as one of the usability measurements for the ergonomics decision support 
system. DETECT was rated more favourably than ADECT. Although the comparison on its 
own is weak, owing to differences in tasks, sample characteristics, and the interface itself. 
There was however, a measurable improvement on most of the subscores which was also 
supported by evidence from the video analysis and focus group transcripts (for ADECT) and 
in the video analysis and interviews for DETECT. 
It is believed that the data from the qualitative investigations provided a much richer and 
reliable source of usability information than SUMI itself. The video analysis (for ADECT) 
was also employed to consider breakdowns in the design environment, which in turn provided 
a greater insight into usability, task, and user difficulties. 
Breakdown analysis is usually employed as a fast and effective way of showing when 
problems arise during design (and other) sessions. As it requires verbalisations it is most 
normally employed either when the participants have been trained to provide a running 
commentary, or are working in pairs. 
This research confirmed the utility of breakdown analysis as a research technique in two 
ways. Firstly by showing that it is possible to classify breakdowns using the TUTE 
framework (task, user, tool, environment)'. This classification indicated that the majority of 
problems occurred in the user-tool domain, which was to be expected for a system under 
development. Notably, there were also user-user and user-task breakdowns identified in some 
of the design groups. User-user breakdowns inevitably occur in design groups, for example, 
when one member uses different terminology or in relation to interpersonal dynamics. 
Notably problems also arose in regard to user task issues, either because the users could not 
agree on how to work, or what the task was about. Although the number of incidents in this 
category was small, it is quite rare to find these. They might be explained by: 
" users being unsure how to proceed, perhaps due to a poor brief; 
9 users having insufficient task knowledge; 
As the data is both qualitative and interpretative in nature, the quantification in terms of frequencies 
must be treated with care. 
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" users disagreeing on how to proceed with the design task (as in multidisciplinary design 
teams). 
The video analysis and project reports indicated that most of the user-task breakdowns 
occurred within one group, and were attributable to disagreements about how to proceed with 
the design task, resulting from a quite clear different focus of attention, manifest in both the 
use of ADECT and the Internet 
The breakdowns were mapped on to user activity in terms of system usage, at the time of the 
breakdown. The construction of ADECT makes this relatively simple, and showed that the 
majority of the user-tool breakdowns arose during the editing of the user tree, and that the 
user-task breakdowns occurred both at this level and during the completion of the product 
instigation form, when users discussed the nature of the task, what they were designing and 
how they should proceed. This is compatible with the finding that this stage provided users 
with a space to reflect on how they would proceed and the nature of the design task 
The results confirm that breakdown analysis provides a rich source of data about problems 
which arise in the course of design sessions, and that these may be usefully and meaningfully 
subdivided to indicate where the process, tool or environment in which design takes place 
may be improved. 
In terms of triangulation, all the results except for those gathered by the expert appraisers 
concluded that the systems were usable, likeable and useful. Although the appraisers 
appreciated the underlying functionality of the system, they required a greater conformance 
of the system to Windows standards. This was not mentioned in any of the other studies. 
In summary, the investigative techniques provided a detailed picture of the way in which 
individual designers, or design teams used the systems in the context of a design activity. The 
picture which emerged, showed the way in which ergonomics was used, and how the tools 
developed as part of the research encouraged the use of ergonomics, and pointed directions 
for the designers to pursue individual work. The methodology also highlighted usability 
problems and these findings were fed into the iterative development of the software. 
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9.3.8 Computer Systems to Support Designers 
In Section 4.6, the research was discussed as being part of the development of computer 
supported co-operative working systems, and the analysis techniques employed have been 
adapted from this domain (such as the study of designers working together, video and 
breakdown analysis). However, the tool that was developed is not typical of such systems, 
which have mainly been concerned with enabling and supporting real time working at a 
distance. The ergonomics decision support system may be construed as a communication 
tool, it may even be used to support joint working (in the same location) or conceivably 
asynchronously (not in real time). However, the communication it seeks to capture is neither 
visual nor vocal, it is about the externalisation and support of the internal dialogue a designer 
holds when considering the user population of the intended artefact. 
This research may then be seen as part of the new genre of design aids (such as Web- 
CADET, Rodgers et al, 2000) which are being developed to support individuals or teams of 
designers to capture, represent and share knowledge, either for their own use or that of their 
colleagues and to deliberate about the reasons for the design decisions which they have made. 
In this case the rationale for the decisions one would hope is user centred. 
Most noticeable is the need to develop a means of re-using, re-flecting and re-visiting old 
solution spaces, to re-learn from the past, and the need to pass on these experiences to 
younger designers so that they do not have to "reinvent the wheel". It is believed that such 
systems may have an impact on the design community and on capturing design processes, 
which have previously been lost. However, in order to make an impact on the profession they 
require the commitment of individual designers who need to input their knowledge and 
expertise to populate the systems for the benefit of others. 
9.4 Contributions to Knowledge 
In his opening address to the CoDesigning 2000 conference, Bruce Archer commented that it 
was the task of researchers to make sure they did not just publish their thesis, that instead they 
`publish promiscuously. ' The climate towards ergonomics and computer support for design 
has changed during the course of the research. The articles and conference presentations$ 
made during the course of this research both reflect and may have contributed a small drop to 
3 See Appendix 3 for a list of these. 
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this sea change for a greater enthusiasm for ergonomics and the need to develop better design 
support tools. The research has made contributions to the knowledge about the way in which 
the Internet is used and, more importantly the relationship of ergonomics and design. 
Firstly, with regard to the Internet. The research has shown its lure. It appeals to our senses, 
our curiosity and our laziness. All participants in the investigations believed the Internet 
would be helpful to them. However, the Internet is still in its infancy, as such potential 
information seekers are the unwitting recipients of a glut of information, diverse in layout, 
attractiveness, usability and depth, ranging from vanity publishing, e-commerce, cyber- 
societies to accredited research. The Internet is deceptively easy to use, information is 
omnipresent, only a mouse click away on the desktop, so it was used in preference to the 
library and the telephone directories by students undertaking their research (in the ADECT 
study, Section 7.5)). 
Enormous resources have been consumed ensuring that academic institutions, businesses and 
homes go on-line; that populations are trained or re-trained in computer skills which allow 
them to create more networks, more communication links, more complicated sites, and 
acquire information at an ever faster rate. Yet the Internet was not used efficiently. It did not 
support group viewing and navigation or foster project related discussion (at least in the 
sessions which were video recorded). After seemingly fruitless searches users were frustrated 
and perhaps none the wiser. The video analysis clearly showed that they only scan read pages 
and did not discuss the content. It was difficult to gauge the extent to which the information 
from the Internet (as opposed to the DIS web pages) contributed to the design task. 
This was not expected. The contribution to knowledge here is that the Internet does not live 
up to its potential (for the users studied) except in very limited cases. Users can be seduced by 
sites, they appear to waste time with inefficient, though perhaps entertaining searches. The 
information that appears interesting is printed out. The contribution to knowledge in this case 
of the Internet has been to provide snapshot of Internet usage in the late 1990s which points 
the need for further, detailed investigation of its usability and usefulness (Section 9.5.1). 
Secondly, regarding the relationship between ergonomics and design, this research confirms 
earlier studies and provides evidence of a contemporary nature to support the conclusion that 
ergonomics is still not integrated sufficiently in design. It has also demonstrated that there are 
many factors that need to be considered during design. Ergonomics is just one of these. This 
in itself may not be viewed as a significant contribution to knowledge. However, it is a 
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required acknowledgement in the journey towards developing tools and processes to break 
down disciplinary barriers. 
The automotive design case study (Chapter 3) confirmed the existence of information 
bottlenecks within organisations, and that the dissemination of ergonomics information may 
be hindered because it is not formally represented in project documents, is collected by 
different departments and may reside in the head of local experts or practitioners. Such 
dispersal of information, if not documented at a project level may be unavailable for later re- 
use. 
The development of the ergonomics decision support system (Chapter 6) contributed directly 
to the understanding of the relationship between ergonomics and design by highlighting the 
need for a system which could integrate ergonomics information with other sources of 
knowledge and experience of and about users, and that this should occur at a project level 
where such issues can be shown to have a direct and immediate bearing on product 
requirements. 
The software itself (Chapters 6 and 8) demonstrated that it was possible to support, structure 
and link user issues to product requirements in a manner that was fast, easy to learn and use. 
Lastly and perhaps most importantly the study of DETECT indicated that ergonomics may 
not be being integrated in concept design because it does not contribute directly to production 
activities. It is believed that such a contribution would enhance and enrich the integration of 
ergonomics in concept design. 
9.5 Directions for Future Research 
This section draws together those issues raised during the course of the research which were 
either not resolved in the life time of the research, or which are seen as fruitful lines of further 
investigation given the overall aims and objectives of the research. 
9.5.1 Internet 
Internet development has to a large extent been technology led. Its ubiquity should be seen in 
the context of our transition towards an Information Society in which we rely ever 
increasingly on computers. At the moment, as users we are still experimenting with 
technology - making it work for us, and finding ways of using it to our own advantage. This 
research was not specifically about the Internet, but its potential as a means of disseminating 
'non trivial' information to a known target market. The previous section indicated that there 
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was some doubt regarding the usefulness of the information and the manner in which 
information found on the Internet was used and influenced the development of the project. 
Future Internet research, based perhaps on a close study of Internet usage over a period of 
time is seen as necessary to understand the manner in which information is acquired during 
on-line sessions, what effect a transitory piece of information has on personal knowledge 
bases and the way in which this information is pieced together and structured. For example, 
all users of the DIS and AMW web pages (Sections 5.5 and 5.6) preferred to work with their 
own paper based copy of the information. The affordances of paper based over computer- 
based presentation of information are well known and the research clearly showed the 
requirement for private ownership of hard copy information. The present increase in paper 
consumption may be indicative of our failure as human information processors to keep up 
with and process, screen based, hyper linked information. The outcomes of such detailed 
research into Internet usage might be used to guide web and search engine developers and to 
better advise information seekers. 
At a more specific level research needs to be conducted to look into a more user or task 
centred way of searching for, organising and integrating Internet information. It is 
hypothesized that this might be the task of an 'Intranet librarian' (Section 9.2.4.1) who might 
specialise in performing task related information and structuring searches (separating "the 
wheat from the chaff'). 
The research also indicated the potential of on-line guidelines to become vehicles for the 
greater integration of ergonomics and design in ways not explored in this research. 
Ergonomists may develop guidelines, sometimes at a distance from those who will use them 
(as in the case of the technical authors). Traditionally such guidelines have been produced as 
large books or folders, which can be revised as necessary (through the insertion of addenda 
and appendices) following feedback or new research. This process could be enhanced if the 
guidelines were written as web sites accompanied by bulletin boards or email lists on which 
users could discuss and iteratively develop contents. In this way material might be tailored to 
meet the requirements of the domain of its use (a criticism levelled at guidelines which do not 
always include appropriate or up-to-date examples), would be seen as a living document 
(rather than as a big book on a shelf) and could be updated more easily and reliably 
(additional sheets are not always inserted into paper based guidelines which might be lost or 
defaced). 
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9.5.2 Integration of Ergonomics and Design 
The ergonomics decision support system was seen as fulfilling the original research aims and 
having the potential to offer greater support for ergonomics in design. This section considers 
firstly issues relating to redesign and increased functionally; secondly ways in which the 
system could be used to further investigate user centred design; thirdly, designing the system 
to link more directly to concept design outcomes; and fourthly considering the wider issues of 
use and acceptance of ergonomics in design. 
9.5.2.1 System Design 
The evaluation studies highlighted a number of ways in which the ergonomics decision 
support system could be enhanced (not HCI issues). After the demonstration as part of the 
Confirmatory Study (Section 6.9.1), participants expressed an interest in firstly developing 
the system to support other forms of design activity (for example design for ease of 
assembly). Theoretically this may be possible by developing projects that do not use the 
ergonomics template. The left hand side of the tree could be used to specify other forms of 
requirements, which could be linked to a product trees, and the results displayed as a 
functionality matrix. 
Secondly the Confirmatory Study highlighted the need for designers and engineers not to just 
be shown what they do not know, but to be told how to solve a particular problem, such as 
lack of knowledge about female anthropometry. This could be accommodated by an 
extension to the system, possibly similar in nature to on-line help, which would point users to 
a directory or tool-box of techniques and information sources which they might be able to 
apply to their particular problem. 
Participants in all studies believed that there was potential for the ergonomics decision 
support system to be used as a training tool either through an experienced designer 
completing and then handing over a project' to an inexperienced one, or by using the system 
as a means of enhancing the dialogue between ergonomists and designers. The designer could 
show the ergonomist very clearly the issues s/he was having difficulty with, or by using a 
completed project as reference material for the start of a new endeavour. The latter point also 
raises the issue of the need to re-use this information. These issues could not be investigated 
'The files are known as 'projects' which is a Delphi convention. 
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during the lifetime of the research, but represent a new set of requirements for design support 
systems. 
One of the themes of the research has been the need to develop support systems, which 
integrate information, knowledge and experience accrued from various sources during the 
course of a working day. A suggestion from the ADECT investigation was that the system be 
used on a laptop so that information could be added to the project as and when it emerged (for 
example, during the course of interviews with potential consumers, in laboratory sessions). 
The system can be run on a lap top but further research is required to investigate the use of 
the system in this manner which might, in turn, provide more requirements for an enhanced 
system and illustrate ways in which ergonomics can be further integrated into design 
working. 
The participants who used ADECT (Section 7.5) suggested the need for more 
feedback/support for task progression, which showed how much had been completed, what 
they were to do next etc. This might have arisen because of the inexperience of design 
working by participants in this investigation (it was not requested in the DETECT user trials 
with more experienced designers and ergonomists). This could be easily accommodated 
within the software but is believed to be indicative of a need for supporting at a more 
practical level work of this nature, which may have been more transparent in the HUFIT 
workshops. 
9.5.2.2 As a Tool to Further Study Ergonomics and Design Activity 
The video analysis and interview studies, with ADECT and DETECT respectively, illustrated 
that the system was used in different ways by different individuals (e. g. ergonomists and 
designers) and groups. That such differences were found indicates that the system has the 
potential to be used as a research tool to further investigate the role of user centred design in 
product development. Questions which may be amenable to further study include the extent 
to which designers focus on different user issues when given the same design brief, the 
manner in which the design is represented, the ease with which user issues are translated into 
design requirements and whether user issues can be considered first (i. e. actually drive the 
design process). 
The research did indicate that there were differences between ergonomists and designers, 
with the latter considering the clarification stage more, and the ergonomists preferring the 
matrix (see also Section 9.5.2.3 for the implications of this). 
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9.5.2.3 Graphical Interface 
The creation of the ergonomics decision support system was never seen as being a `final 
solution' to the integration of ergonomics and design, but as a way of discovering more about 
the relationship (see above section). Most notable in this respect is the indication from the 
DETECT study that the system did not support production activities (e. g. sketching) which 
are undertaken during concept design. 
The user requirement relating to designers not wishing to perform text entry, was translated 
as a need for a system which captured the essence of design discussions as bullet points 
(augmented by notes); also, the key output from the system was an ergonomics specification 
represented as a functionality matrix' which would be compatible with engineering 
specifications and actual user requirement articulated in the survey. 
From the DETECT interviews and video analysis (Section 8.6.3.4), a new requirement 
emerged for a graphical interface to the product tree and a sketch based output which would 
be more compatible with the manner in which concept design is undertaken and the outputs of 
designerly thinking. 
The proposed sketch based interface would allow designers to work on a concept sketch, after 
they had concluded the product instigation/strategy forms, and as they were viewing the user 
issues tree (as shown in Figure 9-3). This would allow the fundamental product structure to 
emerge in a manner more natural for the designers; the annotations of the sketch (e. g. head, 
neck) could be used to automatically generate a rudimentary product tree. Items could be 
related to each other either on the sketch, as in Figure 9-3 where `head' has been related to 
mouth shape and size, or using the normal tree structure mouth shape and size, or using the 
normal tree structure. 
The result of using the system could either be a functionality matrix or a sketch similar to the 
input one which was fully annotated with user issues relevant to each product detail (for 
example, the handle might have an annotation matrix formed from user issues: total hand 
width, finger width, colour preference - product features: length, width, colour, populated 
with optimum cell values). The further development of the ergonomics decision support 
' This was an `actual' user requirement articulated by the survey. 
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system in this direction is seen as providing a means of more directly supporting ergonomics 
and concept design. 
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Figure 9-3: Representation of Sketch Based Interface 
9.5.2.4 Ergonomics and Education 
In this the final section considering future work in relation to the aims of the thesis, a broader 
issue is considered, namely the need for ergonomics to gain a wider acceptance amongst 
designers and engineers in order to establish a commitment and understanding within the 
discipline, which will ensure that the tools and techniques that have been developed are used. 
Obviously increasing the perceived level of designer friendliness of support systems, and 
ensuring their compatibility with design process outcomes will greatly enhance their uptake by 
those who see the value, and are interesting in pursuing a user centred approach to design. The 
research has indicated that there are a number of designers, who may not wish to do this. These 
may be experienced designers and engineers, who have accrued a vast amount of knowledge 
and information during their design experience, which could be of use to younger designers. 
The ergonomics decision support system has the potential to be developed as a repository of 
product specific, design knowledge and information, which has a user centred orientation. 
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This means that if DETECT is used to support one design, the project (or archive') could be 
used as a starting place for the next product generation. Information is not lost it is re-used. 
This idea is attractive to designers (e. g. Baya et al, 1992), but relies on the enthusiasm of 
designers for documenting their processes and their rationale. Again, a designer-friendly 
system will contribute much to their willingness to do this, as will a corporate structure that 
encourages and recognises the importance of this activity. 
The development of such a culture in which issues are shared and developed, perhaps 
between designers who are geographically dispersed, requires designers to accept input from 
a wide range of design `partners' - colleagues (not necessarily designers), voices from the 
past, who leave their design thoughts in trace documents and archival material, or potential 
product users, who may co-design or co-create products which better suit their needs. 
Everyone, given the incentive and encouragement can participate in design activity. At one 
level, education is about providing the skills and ability to meet these opportunities. At 
primary and secondary school level this may take place through project-based work 
undertaken as part of the National Curriculum, especially in Design and Technology. 
Building on this, one of the challenges for design education at a tertiary level is to develop 
programmes that adequately train designers for the pivotal role they take in such teams, as 
modeller, conduit and facilitator. Ergonomists may provide skills in such teams, they may 
provide design methods to enable the more accurate capture of user requirements, or, as in 
this research, they may design tools, which enable wider consideration and contribution of 
these ideas in the design process itself. Future work needs to address ways in which effective 
multidisciplinary working may be fostered in education and promoted in business. 
9.6 Final Conclusions 
The research has shown that designers believe ergonomics has an important role to play in 
design. However, they have a finite amount of resources available to them. Quite simply they 
need assistance in employing ergonomics information effectively and judiciously in their 
design activities. It is believed that the more extensive use of on-line guidelines and the 
ergonomics decision support system may aid them in this. 
$ The final version of the system had a rudimentary archival feature. This meant that earlier versions of 
the project were available for inspection. This could be used to consider how the design progressed. 
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The development of the solutions has led to a greater understanding of the relationship of 
ergonomics and design. The Internet has been shown as an 'im'perfect vehicle for the 
delivery of multimedia information to designers, it has not achieved its optimum 
performance, which leads to frustration and time wasting. However, there is potential for sites 
that include detailed ergonomics information. 
The ergonomics decision support system was shown to be easy to learn and use, structured 
user issues for consideration, was tailorable to different products and informed concept 
development. Importantly the evaluation has shown more barriers to the integration of 
ergonomics in design and proposals have been made for extending this work in ways that 
might lead to a more fruitful and productive employment of ergonomics in concept design. 
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Section 1- User Requirements Capture 
1.1 Framework for Structured Interviews with Designers and 
Engineers 
Preamble 
1 I'm a research fellow at Loughborough in automotive engineering. 
2I have been sponsored by the Daphne Jackson Foundation (for women engineer's 
returning to work). The work will also be going towards an M. Phil. 
31 am developing a system called ADECT, which will be a paper based and computerised 
tool to aid in the initial stages of car design. 
4 ADECT will help to capture information about the customer's and their requirements, 
specifically in terms of their ergonomic requirements. This information will be fed into 
the Product Design Specification. 
5A second part of the tool will be a database of ergonomic information, specifically 
related to particular issues, e. g. vehicle information systems, seating. This is a 
computerised reference tool which members of the team can access, and update. 
6 As I am developing this for automotive designers, it is important that I understand how 
the early design stages work, who you talk to , what systems are used, when are issues like the ergonomics resolved, how would a database best be designed to suit your needs. 
7 For this reason I am conducting a series of short interviews with designers. All 
information will remain strictly confidential, however, in order to aid my memory I 
would like to record the session if it is alright. 
8 The interview should last for about an hour. 
9 It will mainly cover the initial design stages, which I am calling the Investigation of the 
Market, Product Design Specification and Conceptual Design. 
----------------------------------------------------------------------------------------------------- 
Introduction 
Would like to begin by asking you a couple of questions about yourself. 
1 Name 
2 Company 
3 Position in company 
4 To whom do you report/liaise with - horizontal, back and forward structures. 
5 What are your main responsibilities. 
6 Very briefly what are the main sorts of projects you have been involved with in the last 
couple of years and what has been your contribution to them 
7 lam now going to show you four statements on people's views of design - can you tell 
me how much you agree/disagree with them, and to what extent they reflect the way in 
which design is thought about in this company. 
1 Design is a broadly based business activity in which specialists collaborate in the 
investigation of a market, the selection of a project, the engineering and manufacture of 
a product, and in the provision of various kinds of user support. 
2 Design is a quite separate activity from marketing, product planning, 
manufacturing and sales, and exists as a separate department. 
3 Design is an activity carried out under the umbrella of 'engineering' (which 
might also include R and D. 
4 Design is more a question of re-engineering and updating existing products and 
has a support relationship with production. 
Design Process 
I would now like you to consider one project which you have worked on quite recently, and 
with which you are familiar. Can you tell me about this. Basically I would like to try to 
understand how you go about designing - when you sit down and talk, when you work alone. 
1 What was the product. 
2 Was it typical of the sort of design process normally undertaken by the company 
3 Was it an update of an old product, a facelift, or a completely new venture. 
4 What was your role in it's design. 
5 At what stage did you become involved in the design. 
6 At which stage did your involvement cease. 
7 Were there any particular problems with this project (e. g. in terms of liaison, information 
flow, group mix, were there any hang ups). 
8 Did the finished design meet all the Product Design Specifications. 
9 Approximately how many people were involved in the design (before it passed on to 
detailing) - in the group you were working with, in the team as a whole, overall (eg in 
terms of the review stages). 
10 Was the team put together especially for this project. 
11 Did the membership stay the same throughout these early stages. 
12 Who has overall responsibility for the project e. g. what happens when it leaves 
conceptual design. 
13 Did members of the project team come from other departments (e. g. R and D, marketing, 
sales, manufacturing, styling, finance). 
14 Are interdisciplinary, temporary teams company policy. 
15 Did you as a team liaise with any other departments, either informally or informally, if so 
how was this done (weekly meeting, telephone, computer). 
----------------------------------------------------------------------------------------------------- 
Investigation of the Market 
Still using the same project as an example, going to ask some very broad questions about the 
early stages in design. firstly relating to the investigation of the potential market. 
I Who is responsible for studying the market requirements. 
2 What methods are employed. 
3 How are the results of these investigations fed into subsequent activities, what systems, 
spec sheets are used. 
4 Would it be possible for me to look at one of these? 
5 Did the `design team' have any say in the investigation e. g. did you ask them to look at 
certain features? 
6 Were these features incorporated into the Product Design Specification? 
7 Whose responsible is this. 
8 How much did this influence the design. 
9 Did everyone see the results. 
10 What sort of things were looked at e. g. styling, safety, speed, ergonomics. 
----------------------------------------------------------------------------------------------------- 
Customer Requirements and Ergonomics 
1 Who is responsible for looking at the customer/user needs. 
2 How do you check that the design actually meets the customers needs (e. g. design 
review). 
3 Do you have any tools, computer systems which help you consider the customers needs 
during design. 
4 What is your experience of ergonomics. 
5 At what stage in the design would you consider ergonomics. 
6 What information did you to help you with ergonomic issues e. g. man modelling 
systems, mannikins, journals, style guides. 
7 Is ergonomics one of the first things to be considered, does it have it's own specification, 
does it ever cause any arguments 
8 Can you find all the information you need. 
9 Do the ergonomic issues in the specification get ignored further down the line. 
10 When you are thinking about the users, which people do you think about e. g. drivers, 
passengers). 
----------------------------------------------------------------------------------------------- 
Product Design Specification 
What I would like to consider here is the way in which an identified need is translated into a 
document which can be used to focus the design team. 
1 Was there a full PDS or equivalent document which guided subsequent activity. 
2 Can you describe one to me (show me one). 
3 Do these have a standard format. 
4 Was it produced by a computer package. 
5 What did it include. Please read through the list and tell me any of the features which 
were included, and any others you can think of. 
6 Do you know who had suggested the constraints, and what was the rationale behind 
them. 
7 Was there a design log kept of decisions. 
8 At what stage was the PDS produced. 
9 Was it freely available for all members to consult at all stages of the design, and in later 
stages of development. 
10 Was it referred to. 
11 Did it change. 
12 Who has the final say regarding what it says. 
---- --- ---- - --------------- - ----------- -- --------- ---------- -- -- -- ----------- ---- 
Concept Design 
Very briefly want you to run through the concept design stage 
1 Can you tell me a bit about the sort of work you do in this stage. 
2 How does it relate to PDS stage. Does it run concurrently, sometimes happen before the 
PDS. 
3 Does the modelling/prototyping or work on this stage alter the PDS. 
4 Are any subsequent changes recorded. 
5 Do you have a design log/history to keep track of decisions. 
6 what are the main influences on the conceptual design. 
7 How many concepts are normally considered, are they joint efforts or do you make them 
individually. 
8 Do you ever contract out at this stage 
9 How do you make your final decision. Do you use any decision support systems 
(computer or otherwise). 
10 Is decision made through meetings. If so who is involved, What is the presentation media 
e. g. all sit round, remote working. 
11 Is the final decision made using any of the following methods, decision trees, decision 
matrices, concept selection matrix, product planning matrix (QFD), other. 
Detail Design Stage 
1 When does this stage start? e. g. as a separate stage after formation of concepts, or in 
parallel 
2 How much detailed design do you carry out at the concept design stage. 
3 Do you use formal methods at this stage - QFD, Taguchi, other. 
----------------------------------------------------------------------------------------------------- 
Other 
I What computer, paper based tools do you use in these stages (if any haven't been 
mentioned). 
2 How useful are these to you. 
3 If develop a tool which helps you to consider the user needs, would it be useful to you, 
and at what stage öf your work do you think it could be used. 
4 Do you have a means of producing a design history (computerised or otherwise). 
5 Lastly, this interview has been structured around the concept of Total Design, can you 
tell me how much you agree disagree with the diagram I am about to show you, and 
refine it as you see appropriate. 
6 Do you have any ergonomic needs. 
7 If develop a tool for use at the early stages of design what systems would it have to fit in 
with. 
8 At what stages do you hold reviews. 
Statements about Design 
Participants asked which of the following statements they agreed with 
I Design is a broadly based business activity in which specialists collaborate in the 
investigation of a market, the selection of a project, the engineering and manufacture of a 
product, and in the provision of various kinds of user support. 
2 Design is a quite separate activity from marketing, product planning, manufacturing and 
sales, and exists as a separate department. 
3 Design is an activity carried out under the umbrella of `engineering' (which might also 
include R and D). 
4 Design is more a question of re-engineering and updating existing products and has a 
support relationship with production. 
Participants were shown the following list of items and asked which were included in the 
PDS or equivalent document. 
Aesthetics Packing Standard Specification 
Ergonomics Competition Life in service 
Reliability Performance Product costs 
Time scale Environment Customer 
Processes Safety Size 
Shipping Politics Manufacturing 
Materials Weight Market constraints 
Maintenance 
Quality 
Patents 
Testing 
Company constraints 
Product life span 
Quantity 
Others.... 
Additionally the participants were shown models of the design process (e. g. Bertodo, Pahl 
and Beitz, Pugh) and asked which was the most similar to their experience 
Section 1.2 Questionnaire to Automotive Designers 
Introduction 
I am developing a database of ergonomics information for designers and engineers. This will be a 
computer based facility which should provide information which can be used duraing all stages of 
design, but especially for concept and evaluation stages. In order to produce a system which is 
going to be useful I need to know the type of information you would like the database to contain, 
and the way in which you would like it presented. 
In filling in the questionnaire, please tick the box or boxes which are relevant to your situation, 
and give written answers where requested. Any additional comments you have can be written on 
the back of the sheets. All information will be treated as confidential. 
Background 
1. What is your job title? 
2. What areas of design do you specialise in (e. g. seat design, interiors)? 
3. Do you have an engineering or design background? 
4. How long have you been employed in the automotive industry? 
[] under 5 years [ 16- 10 years [] 11-15 years [] 16-20 years [] over 20 years 
5. How long have you been doing your current type of work? 
Informational Requirements 
In the rest of the questionnaire I would like you to consider your requirements with regard to 
ergonomics. 
6. What type of issues are covered under ergonomics? 
I would now like you to consider your last project 
7. What sort of project was it (e. g. interior, exterior, facia, seating design)? 
8. And what area of the project were you working on? 
9. What ergonomics aspects were considered? 
10. And at what stages was ergonomics considered, or would it be useful for you to consider 
ergonomics? 
a Initial specification and preconcept stages 
b During concept design 
c During evaluation and later stages 
d other stages (please specify) ..................... 
never once sometimes frequently always 
[] [l [] [] [] 
[l [l [] [] [] 
[l [l [] [l [] 
[l [l [] [] [] 
11. How do you go about finding ergonomics information? 
Rely on own experience 
Colleagues 
Company library 
Design guidelines 
Sales brochure 
Standards 
Journals 
Conduct own investigations 
e. g. buck trials 
never once sometimes frequently always 
[l [] [l [] [] 
[l [l [] [] [l 
[] [l [l [] [l 
[] [l [] [] [] 
[l [l [l [] [] 
[] [] [] [] [] 
[] [] [l [l [) 
[l [l [] [] [] 
12. Would you ever look at journals for ergonomics information? Please indicate the frequency 
with which you use this source of information and how useful you found it (both in a scale I 
to 5 where 1 corresponds to never/useless and 5 corresponds to always/very useful). 
frequency 
Applied Ergonomics [1] [2] [3] [4] [5] 
Ergonomics [1] [2] [3] [4] [5] 
Human Factors [1] [2] [3] [4] [5] 
International Journal of Vehicle Design [1] [2] [3] [4] [5] 
Car Styling [1] [2] [3] [4] [5] 
SAE [1] [2] [3] [4] [5] 
Other, please specify ............... [1] [2] [3] [4] [5] 
I never look in journals because 
usefulness 
[1] [2] [3] [4] [5] 
[1] [21 [3] [41 [5] 
[1] [21 [3] [41 [5] 
[1] [2] [3] [4] [5] 
[1] [2] [3] [4] [5] 
[1] [2] [3] [4] [5] 
[11 [2] [31 [4] [51 
13. Which guidelines do you use in relation to ergonomics? Again please indicate the frequency 
with which you use this source of information and how useful you found it (both in a scale 1 
to 5 where 1 corresponds to never/useless and 5 corresponds to always/very useful). 
Guidelines (please specify) frequency usefulness 
....................................... 
[1] [2] [3] [4] [5] [1] [2) [3] [41 [5] 
....................................... 
['] [21 [3] [41 [5] [11 [21 [31 [4] [51 
....................................... 
[11 [21 [31 [4] [51 [11 [21 [3] [4] [51 
I never look in guidelines because 
14. Which guidelines do you use in relation to ergonomics? Again please indicate the frequency 
with which you use this source of information and how useful you found it (both in a scale 1 
to 5 where I corresponds to never/useless and 5 corresponds to always/very useful). 
Standards (please specify) frequency usefulness 
....................................... 
[1] [21 (31 [41 [5] [11 [21 [31 [4] 151 
....................................... 
[1] [2] [3] [4] [51 Ill [2] I31 [4] [5] 
....................................... 
[1] [2] [3] [4] [5) [1] [2] [3) [4] [5] 
15. Bearing in mind other projects which you have worked on, are there other sources of 
information which you would have used and found useful? Again please indicate the 
frequency with which you use this source of information and how useful you found it (both 
in a scale 1 to 5 where 1 corresponds to never/useless and 5 corresponds to always/very 
useful). 
frequency usefulness 
own knowledge and experience [1] [2] [3] [4] [5] [1] [2] [3] [4] [5] 
trade joumals(please give examples) [11 [21 [3] [41 [5] [11 [21 [31 [4] [5) 
books (please name) [1] [2] [3] [4] [5] [1] [2] [3] [4] [5] 
mannikins (please specify) [1] [2] [3] [4] [5] [1] [2] [3] [4] [5] 
CAD packages (please specify): [1] [2] [3] [4] [5] [1] [2] [3] [4] [5] 
PeopleSize [1] [2] [3] [4] [5] [1] [2] [3] [4] [5] 
Obedient mannikin [1] [2] [3] [4] [5] [1] [2] [3] [4] [5] 
SAMMIE [1] [2] [3] [4] [5] [1] [2] [3] [4] [5] 
ECIE [1] [2] [3] [4] [5] [1] [2] [3] [4] [5] 
reverse engineering [1] [2] [3] [4] [5] [1] [2] [3] [4] [5] 
marketing information [1] [2] [3] [4] [5] [1] [2] [3] [4] [5] 
virtual reality programmes [1] [2] [3] [4] [5] [1] [2] [3] [4] [5] 
16. How do you currently store your personal ergonomics design knowledge? 
[] in a book form, [] as design drawings, [] filing cabinet, [] central resource 
[] in a design log, [] on computer, [] other (please specify) .......... ....... ..... ..... ......... 
17. Do you have access to a computer? 
[] PC, [] Mac, [] terminal, [] microfiche, [] workstation. 
18. How frequently do you use a computer? 
[] daily, [] weekly, [] monthly, [] less frequently 
19. And do you use a computer for....? 
[] CAD, [] word processing, [] CAE, [] e-mail, [] meetings, [] other (please specify). 
Database of Ereonomics Information 
20. Are all you current needs for ergonomics information being met? [] Yes, [j No 
Any comments 
21. Can you envisage your needs for ergonomics changing in the future ?[] Yes, [] No 
If yes, how do you think they will alter? 
22. What specific ergonomics information would you like in the database? 
Topic Reason 
1 
2 
3 
Information Presentation 
In order to prepare the database I need to understand what you would like to see in it and the way 
in which you would like information presented on the screen. 
23. How do you rate the following styles of information presentation (again on a scale 1-5, where 
I represents unusable/unlikeable)? 
usable 
2D figures [11 [2] [3) [4] [5] 
tables [1] [2] [3] [4] [5] 
drawings [11 [21 [3] [41 [5] 
schematics [1] [2] [3] [4] [5] 
video clips [1) [2) [3) [4) [5) 
multimedia [1] [2] [3] [4] [5] 
virtual reality [1] [2] [3] [4] [5] 
likeable 
['1 [2] [3] [41 [5] 
[1] [2] [31 [41 [5] 
[1] [21 [31 [41 [5] 
[1] [2] [3] [4] [5] 
[1] [2] [3] [4] [5] 
[11 [2] [31 [41 [5] 
[1] [2] [31 [4] [5] 
24. Has presentation style (e. g. in hournals, guidelines) ever discouraged you from using the 
information? [] yes [] no 
Please give examples (or provide photocopies) if possible 
25. Are there any computer systems, book layouts which you consider `ideal'? 
[] yes [] no 
Please give examples (or provide photocopies) if possible 
26. Any other comments? 
Thank you for your participation 
Andree Woodcock 
Aeronautical and Automotive Engineering and Transport Studies 
Loughborough University 
Section 1.3 Follow up Questionnaire 
Questionnaire on the provision of computer based tools to 
support the use of ergonomics 
I am interested in the way in which ergonomics is used in design and ways in which its 
use can be enhanced. You have listened to my talk and had a chance to look at both 
ADECT and the Driver Information System guidelines. I would now like you to comment 
briefly on these in the light of your own experience. All results will remain confidential 
and will be used to enhance the current software. Please answer as fully as possible 
Background details 
1. What is your job title? 
2. How many years experience do you have in the 
industry? 
3. What are your main areas of work or responsibility? 
4. What experience of ergonomics did you have prior to coming on this course? 
Ergonomics 
In this section I would like you to think about your own experience of ergonomics. 
1. Do you think ergonomics is important in the early stages of the automotive design 
process? 
not at all important QQQQQ very 
important important 
Why? 
2. Do you think ergonomics could have more of an impact in car design? 
i) 
ii) 
iii) 
3. In your experience, do you think the assumptions on which we have based the 
development of ADECT are in line with your experience? 
fully in line with QQQQQ not at all in line 
experience with experience 
Please give reasons 
ADECT 
ADECT has been developed as a support tool to help structure ergonomics input into the 
early stages of design. From the demonstration of this system.: 
1. Do you think it would be helpful for this? 
not helpful QQQQQ very helpful 
Please give reasons 
2. It is easy to use? 
not easy to use QQQQQ very easy to use 
Please give reasons 
3. Are there any features you would like to see added to ADECT 
i) 
ii) 
iii) 
Provision of ergonomics information 
Ergonomics information is generally found in books and guidelines. 
1. Do you think putting information on guidelines and standards such as the Driver 
Information System pages on the Internet is a good idea? 
not a good idea QQQQQ very good idea 
Please give reasons 
2. Do you think having the information available in this form would encourage its use? 
not at all O 13 10 13 very much 
Please give reasons 
3. Do you use a computer in your daily work? 
always QQQQQ never 
4. What do you use your computer 
for? 
5. Are you aware of any ways in which the profile of ergonomics is being increased in 
your company? 
Is there anything else you wish to add? 
Thank you for your participation in this study 
ANA& 7voodeatk 
Section 2- Evaluation Techniques 
Section 2.1 Design Brief and Guidelines for ADECT 
Study 
Assignment: Design a 'Driver Information System' for Car 2010 
This is a group project which will require you to work in pairs. The aim of the assignment is to 
consider the ergonomics of the design of car displays for a future car, and also to critique the 
design process which led you to the final design. Each pair will be given the opportunity to use 
different design support systems (as described below) to help in this assignment. The assignment 
will be marked in terms of the extent to which ergonomics is considered during the design 
process and has influenced the final design. You will also be asked to reflect on the way in which 
you went about the design through the completion of diary sheets, participation in a focus groups, 
and by providing a critique of your methodology in the final report. 
Design Brief 
Design a car displays for a car of the future. In doing this you should take into account future 
predictions regarding car usage and driver/occupant populations. For example, you might wish to 
focus on the increasing number of elderly drivers, uses of different types of vehicle (large cars 
for inter-city transportation, smaller-cars for within city driving), different environments in which 
future cars will be used. 
Design support 
Each group will be provided with a different type of design support.. Each pair can choose which 
group to go into, but there must be at least one pair using each type of design support. Training 
and full technical support will be available at all times. The design support available is as 
follows: 
1. Paper based material normally available to ergonomists, which forms the major part of the 
web site), 
2. ADECT -a computer based design support system, 
3. Internet - web site, 
4. Internet and ADECT (1), 
5. Internet and ADECT (2). 
The same amount of basic information is available to all groups. Group 1 will still be able to use 
the Internet if they so wish, although not via the Driver Information System page. It is not 
compulsory to use the design support No group will be forced to use the technology, and you do 
not have to use it in all your sessions. However, in choosing to ignore the systems you will be 
required to justify your decisions in you report. 
As many sessions as possible should take place in the experimental room LO. 30, whether you use 
the design support systems or not . This room has been reserved exclusively for use in this 
assignment. A timetable is available on the door. All sessions will be video-recorded (see below). 
These will be available for your report for reviewing the design process, and for research into the 
impact of design support systems on the design process. They tapes will remain confidential, and 
they will have no bearing on your mark for this assignment. 
Recording of work 
Computer logs 
These will be unobtrusive, and are required because it might not be possible to make high quality 
recordings of the computer screen. 
1. For ADECT this will be an automatic save every minute (this should not replace your own 
file saving and system back ups). 
2. A log of Internet usage will also be taken. Later in the term I will be asking you to evaluate a 
selection of the sites you have visited. 
2 Diary studies 
All design activities, no matter how brief (e. g. trips to the library, reading), and whether they take 
place in the experimental room or not, should be written up in the 'design diaries'. These should 
be submitted as Appendix 1 to the report for Assignment 1. They should be filled in on an 
individual basis, and may be used in the allocation of marks. The diaries and rough sketches or 
notes (submitted as Appendix 2) are important because, 
1. It will not be possible to record all activities, and you might not wish to work in the 
experimental room all the time, 
2. They will help you to understand in more detail the design process you have experienced and 
reflect on your own design practice. 
Focus groups 
The aim of the focus group will be to discuss differences in the ways in which you have tackled 
the design process. It is nonevaluative and no changes in ways of working/ideas should result 
from it. The focus group activity should feed into the critical analysis section of the final report. 
Attendance and participation in the focus groups is compulsory. Both sessions will be video- 
recorded. A representative from each pair should join in each focus group and be prepared to 
give a brief (2 minute) introduction of their design and how they went about the design process. It 
is, therefore, essential that by this stage each group has progressed their design to the stage 
where some product requirements have been formulated, and have experienced the technical 
support available to them. 
Learning outcomes 
1. Using the Internet as an electronic library to supplement paper based materials, 
2. Experience of using a decision support system, 
3. Training in the use of user centred design , 
4. Ability to understand and reflect on the design process itself, 
5. Apply ergonomics information and principles to a'real world' design task. 
Assessment 
Will be in two parts, and relate to the extent to which you have: 
1. fulfilled the requirements of the project brief. This will be based on the report for Assignment 
1. 
2. reflected on your design activities (the process you went through) to achieve your final 
design. This will be assessed through participation in the focus groups, submission of design 
diaries and rough work. Comprehensive design diaries and rough working should be included 
as Appendices to the final report. failure to include these will result in deduction of marks. 
Attendance of the focus groups will be compulsory. 
Individual Final Report 
Each individual should produce their own report although it is recognised that the design 
solutions will be the same for each pair. Individual final reports will be assessed in terms of the 
ergonomics content, the design itself, and critical analysis of the design process you undertook to 
get to that design and the contribution of the design support available. The report should be no 
more than 5000 words and should include at least: 
1. Aim, 
2. Method, 
3. A full description of the design of the driver information system, indicating why design 
choices were made, and references, 
4. An explanation of the design procedures, and reasons why these were followed, 
5. A critical analysis of the process you went through to achieve the designs and the 
contribution or otherwise of the design support tools. 
It should include at least two Appendices: 
Appendix I- complete, accurate design diaries/logs, 
Appendix 2- rough sketches/notes. 
Each report will be marked on the joint content from the pair and the individual's own 
contribution (50: 50). Failure to include full activity logs will lead to a significant reduction in the 
marks awarded. Each pair will be treated equally regardless of the design support process they 
have chosen. 
Timetabling 
Time will be available at the end of most of the time-tabled sessions to continue work on the 
assignment, and some complete sessions are also available. As I would like to record as many of 
the sessions as possible, all group meetings should be scheduled at least a day in advance and 
take place in the Experimental room, where video equipment and design support is set up. Even if 
you do not use the computer provided I would still like you to use this room as a focus for your 
activities. 
Related activities 
As part of the work you will also be asked to fill in questionnaires, at intervals. These are related 
to usability studies of the web and ADECT. They should not take long to complete, and I would 
welcome your assistance in this. 
Week 1 Tuesday 30 September 1997 
Pro computer attitudinal questionnaire 
Internet use questionnaire 
Setting of assignment. 
Distribution of design diaries 
Decide on pairs and assign into groups 
Week 2 Tuesday 7 October 1997 
Demonstration of ADECT and philosophy behind the system 
Distribution of design diaries 
Training on ADECT 
All groups should become familiar with the computer tools, and recording equipment during this 
time. I will be on-hand all week to solve any problems/provide necessary training as required. 
Week 3 Tuesday 14 October 1997 
Assignment 1 project progress update. 
brief presentation by each group on how they are getting on. 
Week 6 Tuesday 4 November 1997 
Focus group activity on design methods. Members of pairs will be allocated into 2 different focus 
groups to reflect on the design process. Attendance is compulsory, sessions will be recorded. 
Web usability questionnaires for DIS page and/or others. SUMI for the groups which used 
ADELT. These should take no longer than half an hour and can be scheduled at convenient 
times. 
Week 8 Thursday 20 November 1997 
Report handed in for Assignment 1 
Post experimental questionnaires 
Submission deadline: 
Report: Week 8, Thursday 
20 Nov 1997 
Weighting: 50% 
All the links on this web site have helpful labels. 12 3 4 5 6 7 
I can find what I want on this web site right away. 12 3 4 5 6 7 
This site keeps me informed when it is doing something. 12 3 4 5 6 7 
I want to visit this site often. 12 3 4 5 6 7 
It is easy to go from one part of this web site to another. 12 3 4 5 6 7 
I feel in control when I'm using this web site. 12 3 4 5 6 7 
This web site has many unpleasant features. 12 3 4 5 6 7 
This web site has been designed to suit its users. 12 3 4 5 6 7 
Questions 21-30 of 60 
This web site is presented in a helpful way. 12 3 4 5 6 7 
This web site works exactly how I would expect it to work. 12 3 4 5 6 7 
The links on this web site are useful. 12 3 4 5 6 7 
There are probably things on this web site I shall never find. 12 3 4 5 6 7 
This web site changes in unpredictable ways. 12 3 4 5 6 7 
All the pages of this web site have clear titles. 12 3 4 5 6 7 
This web site helps me find what I am looking for. 12 3 4 5 6 7 
You can go round in circles on this web site and achieve nothing. 1 2 3 45 
67 
I get frustrated using the web site. 12 3 4 5 6 7 
It will be difficult to remember how to use this web site next time. 1 2 3 45 
67 
Questions 31-40 of 60 
I will get bored with this web site very quickly. 1234567 
Different parts of this web site work in different ways. 1234567 
I can contact the web site organisers with ease. 1234567 
This web site provides my computer with information it cannot display. 1234567 
I suspect I'll always have problems using this web site. 12 3 4 5 6 7 
Copying information from this web site to my computer is easy. 12 3 4 5 6 7 
I can always tell where I am on this web site. 12 3 4 5 6 7 
This web site can stop working suddenly and without warning. 12 3 4 5 6 7 
I feel quite lost in this web site at times. 12 3 4 5 6 7 
There are too many pictures on this web site. 1234567 
Questions 41-50 of 60 
This web site is too slow. 12 3 4 5 6 7 
It's difficult to find out what this web site is all about. 12 3 4 5 6 7 
I can understand where all the links on this web site go. 12 3 4 5 6 7 
I like the icons and graphics on this web site. 12 3 4 5 6 7 
It is easy to get help on this web site. 12 3 4 5 6 7 
This web site feels strange and difficult when you start to use it. 12 3 4 5 6 7 
It is difficult to tell if this web site has the information I need. 12 3 4 5 6 7 
I think I like the people who run this web site. 12 3 4 5 6 7 
Remembering where I am on this web site is difficult. 12 3 4 5 6 7 
This web site works well on my computer. 12 3 4 5 6 7 
Questions 51-60 of 60 
This web site needs more introductory material. 1234567 
The icons and graphics are used in a helpful way. 12345 
67 
This web site mentions things which are completely inaccessible to me. 1234567 
This web site requires too much extra software to use it properly. 1234567 
I never want to use this web site again. 1 2 3 4 5 6 7 
I don't know what will be done to the information I send to this web site. 1 2 3 4 5 6 7 
Everything about this web site is awkward. 1 2 3 4 5 6 7 
This web site uses a lot of strange words. 1 2 3 4 5 6 7 
It is easy to find the home page on this web site. 1 2 3 4 5 6 7 
This web site would be easier to use if it had less graphics. 1 2 3 4 5 6 7 
Please check that you have given a response to each statement. If you have not responded to a 
statement because you were unsure about it, or thought it was not relevant, please respond by 
marking it as "4" (centre column). 
Section 2.3 Specimen SUMI 
SOFTWARE USABILITY MEASUREMENT INVENTORY 
(SUNID 
Your name.. ............................... 
Name of software ..!........ ................................ . 
Date 
NB the information you provide is kept completely confidential, and 
no information is stored on computer media that could identify you 
as a person. 
This inventory has fifty statements. Please answer every one of them. Against each statement 
there are three boxes. 
You should mark the first box if you generally AGREE with the statement. Mark the central box 
if you are UNDECIDED, can't make up your mind, or if the statement has no relevance to your 
software or to your situation. Mark the right box if you generally DISAGREE with the 
statement. 
In marking the left or right box you are not necessarily indicating strong agreement or 
disagreement but just your general feeling most of the time. 
AGREE UNDECIDED DISAGREE 
Put a mark in the box of your choice. 
HFRG - SUMI -Q-3.0E 
Disagree 
Undecided 
Agree j 
4 
1 This software responds too slowly to inputs. QQ 
21 would recommend this software to my colleagues. Q ýQ 
3 The instructions and prompts are helpful. QQ 
4 The software has at some time stopped unexpectedly. QQ 
5 Learning to operate this software initially is full of problems. \CY QQ 
6 I sometimes don't know what to do next with this software. ýO'Q Q 
7 I enjoy my sessions with this Q va-C] 
8 I find that the help information given by this software is not very useful. QQ lp- 
9 If this software stops it is not easy to restart it QPQ 
10 It takes too long to learn the software commands. QQ 
11 I sometimes wonder if I am using the right command. QQj 
12 Working with this software is satisfying. Q 
2Q 
13 The way that system information is presented is clear and understandable. Q 
14 I feel safer if I use only a few familiar commands or operations. QQ Vff 
15 The software documentation is very informative. QQ 
16 This software seems to disrupt the way I normally like to arrange my work. QQ 
17 Working with this software is mentally stimulating. QQ ýj' 
18 There is never enough information on the screen when it's needed. QQ 
19 I feel in command of this software when I am using it. QQ uý 
20 1 prefer to stick to the facilities that I know best ý' QQ 
i 
21 1 think this software is inconsistent 
22 1 would not like to use this software every day. 
23 1 can understand and act on the information provided by this software. 
24 This software is awkward when I want to do something which is not standard. 
25 There is too much to read before you can use the software. 
j 
26 Tasks can be performed in a straight forward manner using this software. 
27 Using this software is frustrating. 
28 The software has helped me overcome any problems I have had in using it 
29 The speed of this software is fast enough. 
30 1 keep having to go back to look at the guides. 
31 It is obvious that user needs have been fully taken into consideration. 
32 There have been times in using this software when I have felt quite tense. 
33 The organisation of the menus or information lists seems quite logical. 
34 The software allows the user to be economic of keystrokes. 
35 Learning how to use new functions is difficult. 
36 There are too many steps required to get something to work. 
37 1 think this software has made me have a headache on occasions. 
38 Error prevention messages are not adequate. 
39 It is easy to make the software do exactly what you want. 
40 I will never learn to use all that is offered in this software. 
Please continue overleaf 
Disagree 
Undecided j 
Agree 1 
Qo o 
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41 The software hasn't always done what I was expecting. 
42 The software has a very attractive presentation. 
43 Either the amount or quality of the help information varies across the system. 
44 It is relatively easy to move from one part of a task to another. 
45 It is easy to forget how to do things with this software. 
46 This software occasionally behaves in a way which can't be understood. 
47 This software is really very awkward. 
48 It is easy to see at a glance what the options are at each stage. 
49 Getting data files in and out of the system is not easy. 
50 1 have to look for assistance most times when I use this software. 
Disagree 
Undecided 4 
Agree 
QQ- 
-Q Q 
QQ 
%)3- C] Q 
QQ 
Q Qtcý 
QQ VC3-- 
QQ 
Qk Q 
Please check you have ticked each item. 
Thank you. 
Section 2.4 Questionnaire to Ascertain Background 
Details of Students 
1. Name 
2. Age 18-211 ], 22 - 25 [ ], 26 - 29 [ ], 30 - 33,34+ [] years. 
3 Years of computing experience none [ ], under 1 year [ ], 1-2 years [ ], 3-5 years [ ], 
6-10 years [ ], 10 years or more [ ]. 
4 How many different types of computer systems (e. g. main frames and personal computers) have 
you worked with? 
_ none _ 
3-4 
_1_ 
5-6 
2 more than 6 
5 Of the following devices, software and systems, check those that you have personally used and 
are familiar with: 
_ 
keyboard 
_ numeric 
key pad 
mouse 
_ 
light pen 
_ 
touch screen 
track ball 
_ 
joy stick 
text editor 
_ 
word processor 
_ 
file manager 
_ 
electronic spreadsheet 
_ 
electronic mail 
_ 
graphics software 
_ 
computer games 
_ colour monitor time-share 
_ workstation PC 
floppy drive 
hard drive 
CDRom 
6 Please consider the following statements, and put a tick through the appropriate number 
not at all very 
important important 
Computers will be important to my further career 12345 
Computer experience will help me get a job 12345 
Computers would be helpful in my line of work 12345 
Section 2.5 Questionnaire to Ascertain Internet Usage 
Your name 
Please respond to items 1 to 31 using the 5 point scale below: 
1. Definitely agree 
2. Agree with reservations 
3. Don't know 
4. Disagree with reservations 
5. Definitely disagree 
Definitely Definitely 
agree disagree 
1. I don't find using the Internet a particularly enjoyable experience. 12345 
2. Despite its complexity, I generally manage to find my way around 
the Internet fairly effectively. 12345 
3. I consider the Internet an extremely useful source of information for 12345 
my work. 
4. The Internet is too unstructured for my liking. 12345 
5. When searching for information on the Internet, I consider browsing 
to be much more useful to me than keyboard searching. 12345 
6. I often feel overloaded with more information than I can handle 
(generally - not just in relation to the Internet. 12345 
7. The Internet is too big for my liking. 12345 
8. My main reason for using the Internet is for personal interest. 12345 
9. Searching for information on the Internet is too uncertain a business 
for my liking. 12345 
10. I consider the Internet an excellent source of information which is of 
personal interest to me. 12345 
11. It's best to use the Internet only when you have a well defined plan 
(rather than just browsing around). 12345 
12. I personally think that the graphical elements of the World Wide Web 
(i. e. pictures, icons, graphics etc. as opposed to just text) make me much 
more likely to use the Internet than if it were just text-based. 12345 
13. I rarely find anything interesting on the Internet. 12345 
14. My advice to someone like myself would be: Learn to use the Internet 
by mastering one aspect (or tool) fairly thoroughly before going on 
to explore others. 12345 
15. I often find myself getting side tracked into too much irrelevant material 
when using the Internet. 12345 
16. Searching for information is too difficult on the Internet. 12345 
17. I only use the Internet when forced to (e. g. when taking a course about 
the Internet itself! ). 12345 
18. I often like to browse around the Internet. without any clearly defined plans. 12345 
19. My advice to someone like myself would be: The best way to learn to use 
the Internet is to explore everything broadly to get a comparative `feel' of 
the various aspects/tools before getting down to mastering any one in depth. 12345 
20. If I had to choose only one, I'd prefer keyword searching to browsing 
(hypertext) on the Internet. 12345 
21. When I use the Internet, I feel I'm not as `in control' as I would like. 12345 
22. I often feel anxious or upset about the amount of information I've got 
to get through (generally - not just in relation to Internet). 12345 
23. My main reason for using the Internet is to find work related information 
(excluding work for a course about the Internet itself). 12345 
24. The fact that the World Wide Web has attractive graphics is unlikely 
to actually effect my level of usage of the Internet 12345 
25. I usually manage to keep `on target' and avoid too much irrelevant 
material when using the Internet. 12345 
26. I rarely find anything useful on the Internet. 12345 
27. I tend to get lost when using the Internet. 12345 
28. I usually only look at things on the Internet which have been 
suggested to me. 12345 
29. I really enjoy using the Internet. 12345 
30. I'm prepared to plough through quite a lot of irrelevant information 
in case there's something useful I might otherwise miss on the Internet. 12345 
31. I would have no reservation about enrolling on a course (i. e. a course 
on some subject other than the Internet itself) if it were taught entirely 
via Internet. 12345 
32. Would you please estimate as closely as possible how many minutes 
per week on average you use the Internet. 
Thank you for your co-operation 
Andree Woodcock 
N. B., this and Appendix 2.6 were given to the participants at the start and the end of the ADECT 
trial 
Section 2.6 Questionnaire to Measure Attitudes to- 
Computers 
Name 
Please complete the following statement, by placing a cross in the most appropriate box on each 
row, 
I consider computers to be ......................................... 
Extremely Quite Neutral Quite Extremely 
Stimulating Unstimulating 
Adaptable Unadaptable 
Fun Not fun 
Easy Difficult 
Weak Powerful 
Hindering Helpful 
Precise Inexact 
Intelligent Simpleminded 
Affordable Costly 
Desirable Undesirable 
Patient Impatient 
Disgusting Pleasing 
Threatening Unthreatening 
Effective Ineffective 
Personal Impersonal 
Bossy Obedient 
Cold Warm 
Dominant Submissive 
Enjoyable Unpleasant 
Humanising Dehumanising 
Simple Complicated 
Section 2.7 Design Diary/Activity Log 
ERGONOMICS AND PRODUCTI)ESIGN 
ASSIGNMENT 1 
YOUR NAME 
DESIGN A'DRIVER INFORMATION SYSTEM' FOR CAR 
2010 
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Keeping a log of design activities 
About the Design Diary 
In the design diary I would like you to summarise the work you do in connection with this assignment, either on your own, 
or with your partner. The diary will form part of your final report for the assignment, and can also be used to help you 
reflect on design practice. 
Please try to be as thorough as possible in filling the diary sheet in. It should only take a couple of minutes. Let me know 
when you need more sheets. 
Each sheet is divided into three sections: 
Administrative Design activities Assessment of design 
session 
1. Date of the activity 1. Classification of design 1. Tangible or direct outcomes 
activities engaged In during of the activity or meeting 
2. Time of the activity the session for example, 
please mark all those which apply and - agreed on the final design, 
3. Duration of the activity indicate with a number (1-n where 1 is - found information, 
the most important) which you felt to be 
4. Participants the main activities. The categories are: 2. Intangible or outcomes 
- planning and coordination, results of the activity or 
5. Purpose of the -discussion, meeting 
meeting/activity - reading, for example, 
what was the main purpose of the - designing, - resolved ambiguities, 
meeting or activity - knowledge generation (brainstorming), - linked to other research students, 
for example, - information gathering, - developed interest in new research field 
- looking for information on elderly - information transfer, 
drivers, - idea generation, 
3. Overall rating of the 
" planning the final lay out - other meeting/activity 
2. Main Issues which were 
Consider what you had hoped to get out 
discussed of the meeting 
initially and the extent to 
for example, which you achieved 
this. Then please 
- display design, 
rate the meeting as either: 
- position of displays, 
successful - 
-type of displays, , 
satisfactory (okay) 
- unsuccessful -users and also give your reasons 
3. Material which was used 
Please cite any material which you 
referred to in sufficient detail for me to be 
able to find it, 
for example. 
- lecture notes, 
- author and title of book, 
- urf. 
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Section 2.8 Structure of the Focus Group for Evaluation 
Study 
Hello and administration 
Today we are going to talk about the design process for Assignment 1. Before we get into the 
discussion, let me make a few requests of you. Firstly, you should know that we are video-ing 
and taperecording this session. This is so I can refer back to the session when I write my report. 
The video, will help me in identifying the speaker. Because the sound is not too good on the 
video I am also using the audio as a back up. Let's try to have just one person speaking at a time, 
which will make the transcription easier for me. 
Secondly, say exactly what you think. Don't worry about what I think, whatever you say here 
will have no bearing whatsoever on the assessment of your assignment. 
Also remember that as part of your assignment you are required to write a critique of the design 
process, so it is important for you as a group to get as much information off of each other about 
what you did/how you did it, and the problems you encountered as possible. 
My role in this will be very low key. I'll ask a few questions and then leave all of you to talk it 
through. If we wander off track, or get behind time, I'll also break into the discussion. 
A copy of the video will be available if you need it for your report. 
2 Say what they've been doing 
So who'd like to begin by reminding everyone very briefly of what design experience they've 
had before and the topic you chose to focus on in Assignment 1. 
3 Introduction 
The main purpose of this focus group is to look at the way in which you went about designing the 
Driver Information System. I'm going to divide the focus group into four main sections. Firstly 
we'll look at the design activities, and ergonomics content. Then we'll have a quick break for 
coffee and biscuits, after that we will look at usability issues and then the effect of any constraints 
which doing the design in this manner placed on you. 
4 Design process 
I am really only interested in the way in which you considered ergonomics during the early stages 
of your design work for this project. 
4.1 What did you do? How did you set about achieving the design brief? 
Prompt - experiments, 
- information seeking, 
- straight into ADECT 
4.2 Do you think you went about tackling ergonomics any differently in this assignment from 
the way in which you would normally undertake a project? 
Prompt - what were the sort of ergonomics issues you considered? 
- do you think you considered these in any more 
detail during this assignment? 
4.2 What role has ADECT played in this 
prompt - think more about user centred issues 
  more systematic in consideration of items 
  help in recording discussion 
5 Content 
ADECT provided a structure, and also contained ergonomics items which you should think 
about, these were contained in the template. 
5.1 were these items and their associated notes useful 
prompt -would have liked more information 
- information in a different format 
5.2 did these items guide you at all in searching for other information 
5.3 moving away from Adect for a while, what other sources of information did you use 
prompt - ISO, books, journals, internet 
5.4 Information on the Internet and elsewhere, how helpful was this to you 
prompt - was the right information provided on the DIS site, 
- would you have liked a greater depth of information. 
-----------------------------break for coffee and biscuits but carry on the discussion-------------------- 
6 Usability 
Still staying with the Internet for a moment. 
6.1 what did you do with it? 
6.2 what were your first impressions of the DIS 
6.3 how did it compare with paper based material 
6.4 did it tell you what you wanted to do 
Moving back to ADECT. You have all completed a usability questionnaire on this. And I will 
also be conducting a full breakdown analysis on the tapes. In this section I am looking for an 
overview of your impressions of the system in relation to the design task, rather than the HCI. 
6.5 did it require you to think about what you were doing in a different/difficult manner. 
6.6 did it provide enough structure to help you in your task. 
prompt - did you talk about the issues highlighted on the strategy/user screen 
7 Constraints 
7.1 was the format in which you had to type information into ADECT all right 
prompt - did it require you to do too much typing. 
7.2 were you distracted by the system so that you could not concentrate on the brainstorming 
7.3 do you think the person who did the typing, sat nearest the machine controlled the 
session 
7.4 do you think there is a place for this sort of system in design 
7.5 did you feel inhibited in you r discussions in the room. I know it was not an ideal 
situation, but did the recording, the room, or the support available to you hinder your work in 
anyway? 
8 Close 
That about sums it up from me, 
8.1 Are there any other issues which you would like to raise regarding design and 
ergonomics? 
Thank you for your assistance in this. 
A video of both focus groups will be available towards the end of the week 
Section 2.9 Design Brief and Instructions for DETECT 
The DETECT system is a support tool which helps you to think about all `user' aspects of a 
design, before you have actually developed a firm concept. We believe that it is consideration of 
these issues, which should drive the design requirements, for any particular product. 
This might not be the way in which you normally work, and we will ask you to consider what you 
have done today in relation to your normal method of working in the interview session after the 
trial. This system is still in the development stage so any comments you make as you work 
through the system will be valued. Please feel free to ask for assistance at any time. 
DETECT consists of three main parts, 
" The product instigation form. This allows you to jot down any ideas you might have about 
your design, and is a useful reference to prevent design drift during later stages of the project 
" The 'tree' page. These contain a series of user issues on the left hand side, and design issues 
on the right hand side 
" The matrix - on which you enter your design decisions in cells, and develop a prototype from 
which you can design. 
To help you structure your design activity, using DETECT, it is suggested you work in the 
following order. Approximate timings have been provided as you only have about 75 minutes to 
design your prototype brush. These are only suggestions. 
Once you have read the design brief 
1. Open the product instigation form, and try to answer the questions in this form by typing in 
your thoughts about the product you are going to develop, under the appropriate headings. 
We have included questions as prompts. You may not have answers to all of these, or can 
think of other issues which should be raised. The design you generate should in some way 
fulfil the answers laid down here. Once you have considered all the questions then go to the 
tree page. You can come back to this section any time. (5-10 mins) 
2. The tree page - comprises a left and right hand side. It represents the experimenter's 
conceptualisation of the design solution space. A tree has been provided as a starting place 
for you. Your first task is to familiarise yourself with its contents. 
On the left is a set of user issues which we think are important to toothbrush design. These 
have been grouped in terms of user, usage characteristics etc. The list is not necessarily 
complete, or may contain items inappropriate to you. Spend some time acquainting yourself 
with these issues so you know what is included here. 
The right hand side of the page contains similar information, but related to the toothbrush. 
You will see that this is divided into product features such as head, neck, filaments. Again 
notes are attached to these items, and they also have data sets attached to them (e. g. relating 
to the optimum length of the neck). 
" The left hand side of the tree will form the rows of the matrix, and the right hand side the 
columns. You can tailor the matrix by selecting items you wish to consider in the design (by 
pressing the circle to the left of each node on the tree. (10 mins) 
3. Once you are familiar with both the trees: 
" edit them by deleting non essential nodes and branches and inserting new ones. 
Remember the ideal tree should not contain unwanted nodes or branches, as these might 
distract you in your design. For example if you are going to design a toothbrush for 
people aged 20-50 delete anything not relating to this age group. If you know that the 
handle is going to be 10 cm long, then enter handle =10 cm etc. (IOmins) 
" make associations between user characteristics and design issues. To do this highlight a 
design issue and then click on the box next to the design issue this might influence. Once 
you have associated an item a tick will appear in the box. One user characteristic might 
influence several design issues, for example mouth size might influence the shape of the 
handle, neck head etc. This is alright. In the matrix, you will want to display only those 
items for which there is an association, so make sure that the circle next to the design 
issue is also filled in. (10mins) 
4. If you hit the matrix button at any time the matrix will be displayed. This starts off as an 
array of cells with `? ' and green underlines. The underlines show where the associations have 
been made. Your next task is to turn all the question makes into values or not applicables. 
Each cell will then represent a design decision you have made relating to a particular user and 
design issue. This is achieved by double clicking on the cells and entering a value, in the 
ranges indicated. The values for a whole row or column can be changed to `not applicable' 
through double clicking on the row or column header. This will not override the earlier 
associations or any values you have typed in. If the matrix looks too big, then remove some 
of the rows and column by deselecting them at the tree stage. For example, you might wish to 
concentrate on developing the head of the brush, or the handle - in which case you should 
only include items relevant to that part of the brush on your matrix. (15 mins) 
5. By filling in all the cell values you should have a good `mental model' of the type of brush 
you want to design. If you press activate prototype `one of the best' solutions will be 
provided. If you activate the prototype you will be able to see where any incompatabilities 
are in the matrix. These are shown as red cells. You may which to design a brush where 
everyone is suited, or where the design will only accommodate certain groups. For example, 
you might wish to design a child's toothbrush in blue. The information you included in the 
matrix might have shown that blue was liked by boys, but was never liked by girls. All the 
system will do is show you that you might be excluding part of your market if you do this. 
The final decision is yours. (10mins) 
6. The last task, is to sketch out or write down your ideas for the toothbrush. (15 mins) 
Introduction for the Usability Study of DETECT 
Thank you for participating in this study. 
We are conducting usability trials on a general purpose ergonomics support tool, which has been 
designed to guide designers, having no formal training in the use of ergonomics, to take a more 
user centred approach to their design. 
We are running a series of 8 trials, 4 at Derby and 4 at Loughborough with the purpose of 
investigating 
" How the software is used 
" How you could see software of this nature fitting in with the manner in which you design 
" Collecting your impressions of using the software. 
The whole session will last approximately three hours and will consist of the following parts: 
" Training in the use of the software 
" Short design task 
" Completion of a standard usability questionnaire (SUMI) 
" Focussed interview. 
" Debriefing 
The whole session will be video'ed for later analysis. The experimenter will remain in the room 
to assist you in the use of the software if required. For transcription purposes, it would be helpful 
if you could comment (verbalise) as much as possible whilst you are doing the design task. 
Comments might include problems you have with the software, or what you are thinking about in 
relation to the design task. 
All the results will remain confidential, and will be fed back to the system developer as part of 
the ongoing iterative development of DETECT. 
You will be required to sign a confidentiality agreement before the trial begins, and you will be 
paid £30 for participation in the trial after the debriefing session. 
The design task 
To design a brush for people who want their teeth to look bright and white to give a confident 
smile. 
To assist you in this you are required to use the software to achieve an ergonomics specification 
from which you will be able to design a prototype brush. You donot have to use the software all 
the time, however we hope that you might find some of the features useful in guiding your 
decision making. Pens and paper are available for drafting out ideas , writing notes and 
annotating . These will be collected at the end of the session. 
Notes for Experimenter 
1. Create directory for the participant into which they will save all the work, and you can any 
files relating to the session. 
2. Label all tapes, and check out equipment 
3. Load up latest kiddiebrush file (think you will need to do an `old load' from file menu) 
4. Sign confidentiality agreement ask agreement to be video-ed 
5. Switch on video and check it out. Need a fairly good, large screen shot, and make sure 
volume is loud and clear. 
6. Explain the structure and purpose of the trial which is to look at the way in which DETECT 
is used to support design activity. If they don't talk prompt them to! 
7. Get participants to read the sheet 
8. Training session 
" Say what going to do in the training session 
" Ask if read user manual 
" Give overview of what the system does i. e. produces an ergonomics specification etc. At 
this stage show them the end product ie the completed kiddiebrush matrix, so that they 
know the `nature of the beastie' they are working towards. The latest kiddiebrush file (I 
think it is kiddiebrush 10) has a fully worked matrix. Once they have digested this, run 
through the training session as outlined below. 
" Run through the training session using kiddiebrush , 
from product instigation, through 
trees, matrix and upto the prototype. Explain why doing things and how you are doing 
them. And pinpoint features of the interface which they might not pick up for themselves 
(e. g. branch and node structure) Ignore filters and attributes. Make sure they make 
regular saves as a new file name! 
" Get them to have a go. See if they can do what you did, use the task analysis as a 
checklist to make sure that they have covered all features 
" When you and they feel happy go onto the task 
9. Get them to read the task description 
10. Ask them to re-read the section above, and to follow it in terms of the process they are to go 
through 
11. Load up latest Detect trial file (again possibly from old-load), save the one you copy as a start 
up into the participant's directory (e. g. if I was doing this you would have created an `aw 
directory', loaded up latest detect, and saved this straight away as aw/andree1. sav) 
12. Once they have started on the product instigation make them coffee, coming back for the tree 
part 
13. Whilst they are doing the main task - float around, some may be more competent than others, 
try to get them to save at least after they finish one of the tasks (outlined above), e. g. when 
they have completed the product instigation form, after they have edited the trees etc. NB 
they should always type in a different file name or else they will overwrite everything. 
14. After about an hour suggest they move to the actual design stage, and let the carry on within 
reason until they are happy with their design. 
15. Thank them, explain that section over, and save the final file and now move onto next 
section, which should last about 45 minutes. Tell them going to do a standard usability 
assignment, and then have an informal discussion about their experiences of the system. 
Remind them that they are still being video'd, that they can use the system to illustrate any 
points they wish to make. 
16. Give out SUMI for completion, and make another coffee 
17. Next stage, switch on tape recorder - explain why we are taping this as well as videoing it. 
18. Run through questions and adapting as required. The emphasis should firmly be on the use of 
this as a design tool, not the usability. Also say that probably would not use it in this way, but 
would use it in shorter sessions, and generate the trees from scratch. 
19. Thank them again, hand out money and get them to sign for it. 
20. Prepare for next trial! 
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